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ABSTRACT
EXAMINING CROSS-LAGGED RELATIONS BETWEEN BEHAVIORAL INHIBITION
AND INHIBITORY CONTROL DURING EARLY CHILDHOOD: PREDICTING
SUBSEQUENT INTERNALIZING AND EXTERNALIZING PROBLEMS
Jacob Holzman, Ph.D
Department of Psychology
Northern Illinois University, 2018
David J. Bridgett, Director

Prior research has demonstrated that the early childhood developmental period is an
important time period to study the emergence and development of temperament characteristics,
including behavioral inhibition and inhibitory control, as well as factors that influence such
characteristics. In particular, previous research has suggested that behavioral inhibition may
facilitate the development of inhibitory control due to behavioral inhibition emerging earlier than
inhibitory control and sharing behavioral features (i.e., inhibition). Although previous studies
have examined relations between behavioral inhibition and inhibitory control, limited research
has examined such relations during the emergence of inhibitory control or by utilizing multiple
methodologies (i.e., observation and report). Additionally, a significant amount of research has
observed that both behavioral inhibition and inhibitory control appear to demonstrate a similar
pattern of relations with subsequent psychopathology. Specifically, both behavioral inhibition
and inhibitory control often demonstrate positive relations with subsequent internalizing
problems and inverse relations with subsequent externalizing problems. As such, the current
study sought to address limitations in the prior literature by utilizing a cross-lagged panel design
to examine relations between behavioral inhibition, inhibitory control, and subsequent
psychopathology.

One hundred and seventy mothers participated in a longitudinal study spanning multiple
time points during early childhood. The current study focused on the development of behavioral
inhibition, inhibitory control, and psychopathology between 18 months and 30 months of age.
Structural equation modeling analyses partially supported hypotheses that behavioral inhibition
and inhibitory control would demonstrate stability between 18 and 24 months. Findings
potentially suggest that facets of behavioral inhibition may be distinct based on negative
reactivity to social or nonsocial stimuli during this period. Additionally, evidence of heterotypic
continuity of inhibitory control appeared to occur. No evidence that behavioral inhibition
facilitated the development of inhibitory control was observed. Finally, findings potentially
identified behavioral inhibition as a specific risk factor for the development of internalizing
problems and inhibitory control as a specific protective factor for the development of
externalizing problems. The present findings should be considered cautiously due to mixed
evidence of adequate fit indices across multiple structural models. As such, future research
would benefit from examining whether such findings are replicable during the 18-month and 30month time window. Limitations and implications are further discussed.
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CHAPTER 1

INTRODUCTION

Developmental science has a significant history of investigating patterns of continuity
(i.e., stability in behavior) and discontinuity (i.e., change in behavior) over time. Temperament
characteristics – biologically based individual differences in emotional reactivity and regulation
observed during infancy and across the lifespan– are frequently examined with respect to their
degree of stability and change across the lifespan, particularly since these individual differences
have important implications for the development of social functioning (e.g., Eisenberg et al.,
2003), cognitive functioning (e.g., Blair & Razza, 2007), and psychopathology (e.g., Kochanska,
Barry, Jimenez, Hollatz, & Woodard, 2009; Nigg, 2006). In particular, two facets of
temperament, behavioral inhibition (BI) and inhibitory control (IC), have often been studied in
terms of stability and change as well as their ability to predict children’s outcomes (e.g.,
psychopathology).
A modern theoretical model of temperament proposes that reactive characteristics emerge
preceding the appearance of regulatory characteristics, which likely affects the development of
each aspect of temperament (e.g., Rothbart, Ahadi, & Evans, 2000). Relevant to the current
study, BI – a fine-grained facet of negative emotional reactivity encompassing inhibited behavior
at the presence of novel social or nonsocial stimuli – can be reliably assessed as early as 4 to 12
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months of age (e.g., Gartstein et al., 2010; Putnam & Stifter, 2005), whereas reliable assessment
of IC – the ability to inhibit dominant, prepotent responses across novel and familiar situations –
occurs later between the first and second years of life upon the emergence and development of
the executive anterior attentional network (Posner & Rothbart, 1998, 2000; Rothbart, Ahadi, &
Evans, 2000). Interestingly, there is some evidence that BI influences the development of IC
given that its influence on regulating behavior emerges earlier than IC and may help generalize
inhibited behavior across various contexts (e.g., Aksan & Kochanska, 2004; Bridgett et al., 2009;
Spinrad et al., 2007). However, prior research has not examined this potential effect using
concurrent measurements at multiple time points during the emergence of IC. Given the lack of
longitudinal methodology suitable for examining the potential influence of BI on subsequent IC,
one aspect of the current study focused on testing the cross-lagged relations between BI and IC
during early childhood, given this time period is a well-known sensitive period for the
development of both BI and IC (Bridgett, Burt, Edwards, & Deater-Deckard, 2015).
Independent of, but potentially related to, the developmental interplay between BI and IC
are findings indicating that high levels of BI and IC both increase risk for the development of
internalizing problems (e.g., Biederman et al., 2001; Murray & Kochanska, 2002) while also
serving as protective factors against the development of externalizing problems (e.g., Frick &
Morris, 2004). In particular, stable levels of high BI confer risk for the development of
subsequent anxiety disorders, particularly social anxiety disorder, over the course of a lifetime
(Chronis-Tuscano et al., 2009). On the other hand, though conveying risk for anxiety concerns,
high levels of BI seem to protect against developing externalizing problems (Hirshfeld-Becker et
al., 2003). Conversely, low levels of IC as well as low levels of BI confer risk for the
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development of externalizing problems. That is, children who demonstrate heightened levels of
fearlessness, often considered as lacking BI, are particularly susceptible to developing
externalizing problems (e.g., Degnan et al., 2011; Gilliom & Shaw, 2004). In addition, children
who demonstrate poor IC are also at risk for developing externalizing problems (e.g., Eisenberg
et al., 2001, 2009, 2005; Murray & Kochanska, 2002). Although these studies demonstrate
compelling evidence that BI and IC are likely involved in the development of psychopathology,
prior evidence has not examined the cross-lagged relations between BI and IC in the context of
predicting psychopathology (i.e., internalizing problems, externalizing problems) during the
early childhood time period (i.e., 18 to 30 months) using rigorous statistical (e.g., structural
equation modeling) and methodological (e.g., multi method) approaches. As such, the current
study sought to disentangle reasons (e.g., conceptual overlap, unique associations) why BI and
IC might share similar links to subsequent psychopathology.

Temperament

Theoretical models concerning the development of temperament have substantially
progressed in the previous 40 years. Early formative research conducted by Thomas and Chess
(1977) as well as Buss and Plomin (1975) provided empirical evidence related to identifying
dimensions underlying temperament characteristics. Although these models have become less
influential as the field has advanced over time, it is important to review their propositions as well
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as the distinctions between these models and relatively more modern and enduring models of
temperament.
Thomas and Chess (1977) detailed a theoretical model of temperament that focused on
differentiating temperament dimensions based on the style of behavior. The style of behavior
was often referred to as the how of behavior, which was considered distinct from the why behind
behavior (e.g., motivation) or the actual observed behavior (e.g., running away from a stranger;
Goldsmith et al., 1987). These conceptual distinctions led Thomas and Chess (1977) to identify
nine discrete dimensions believed to underlie temperament: activity level, rhythmicity,
approach/withdrawal, adaptability, responsiveness, intensity of reaction, quality of mood,
distractibility, and attention span/persistence.
Guided by these underlying dimensions, Thomas and Chess (1977) conducted behavioral
observations of young children in order to develop broad classifications of children’s
temperament. This led to three broad categories of infant temperament: easy, difficult, and slowto-warm-up. The “easy” group consisted of children characterized as easily adaptable, positive,
and easy to calm down, which classified 40% of children. The “difficult” group, which classified
approximately 10% of children, consisted of children who demonstrated general irritability,
negative reactivity, withdrawal in novel situations, and difficulty adapting to new situations. The
“slow-to-warm-up” group consisted of children characterized as initially demonstrating
withdrawal or negative responses in novel situations, yet eventually demonstrating adaptation to
these situations. The “slow-to-warm-up” classification categorized 15% of children. Notably,
these three classifications were unable to account for approximately 35% of children, which led
to substantial criticism of Thomas and Chess’s (1977) theoretical propositions.
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A similar, yet distinct, model to Thomas and Chess’s (1977) model was formulated by
Buss and Plomin (1975) that emphasized the genetic inheritance of personality traits that can be
observed during the first year of life. Buss and Plomin (1975) developed a relatively more
parsimonious model than Thomas and Chess (1977) by identifying three main dimensions
underlying temperament: emotionality (e.g., distress), activity (e.g., the tempo and vigor of
behavior), and sociability (e.g., preferences for social contact). Originally, impulsivity was
considered as a main dimension, though revised versions of the model excluded this
characteristic (Buss & Plomin, 1984; Goldsmith et al., 1987). Buss and Plomin (1975, 1984)
emphasized the influence of early temperament characteristics on the development of subsequent
personality traits, particularly through genetic mechanisms, although environmental influences
were also considered important.

Psychobiological Model of Temperament

Of the earlier temperament models, Buss and Plomin’s (1975) emphasis on the
heritability of temperament characteristics overlapped with tenets of Rothbart and colleagues’
psychobiological model of temperament that conceptualizes temperament as relatively stable,
biologically based individual differences in reactivity and regulation (e.g., Gartstein & Rothbart,
2003; Rothbart, Ahadi, & Evans, 2000; Rothbart & Derryberry, 1981). The psychobiological
model of temperament proposes that genetic predispositions exist and reflect individual
differences that become shaped over time through biological (e.g., maturational) and
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environmental (e.g., socialization) agents (e.g., Goldsmith et al., 1987). Rothbart and colleagues’
psychobiological model of temperament denotes two primary factors (i.e., reactivity and
regulation) that are each composed of fine-grained facets (e.g., Putnam, Gartstein, & Rothbart,
2006; Putnam, Rothbart, & Gartstein, 2008).

Reactivity

Reactivity refers to the arousability or responsivity of behavioral and physiological
systems (e.g., autonomic nervous system, endocrine system) more or less automatically elicited
from environmental stimuli (Rothbart, Ahadi, & Evans, 2000; Rothbart & Derryberry, 1981).
Responsivity can be measured in multiple ways, often based on parameters such as duration,
intensity, and latency. Reactivity is differentiated into two aspects: positive reactivity (i.e.,
positive affectivity) and negative reactivity (i.e., negative affectivity). These components mirror
empirical findings in affective science wherein positive affect and negative affect are considered
roughly orthogonal constructs (Watson & Tellegen, 1985; Watson, Wiese, Vaidya, & Tellegen,
1999). Positive reactivity refers to approach tendencies to novel stimuli, vocal reactivity, highintensity pleasure responses, joyful expression (e.g., smiling and laughing), and activity level.
Negative reactivity refers to emotional responses of sadness, distress to limitations/frustration,
fearfulness, and discomfort (Gartstein & Rothbart, 2003). These facets of reactivity typically
emerge within the first 6 months of life and demonstrate considerable homotypic and heterotypic
continuity (Putnam, Rothbart, & Gartstein, 2008), although malleability in relative and mean
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levels of negative reactivity, such as fearfulness, exist, particularly during early childhood
(Gartstein et al., 2010; Rothbart, 2011; Shiner et al., 2012).

Regulation

Regulation refers to processes that modulate (i.e., diminish or enhance) elicited reactivity
(Rothbart & Derryberry, 1981). Processes involved in the regulation of reactivity often reflect
cognitive (e.g., attentional control) or behavioral (e.g., inhibitory control) resources that are
volitionally controlled. The executive anterior attentional network underlying the development of
effortful regulation begins functioning adequately at the end of the first year of life, evidenced by
effortful control of attention (e.g., Rothbart, Ellis, Rueda, & Posner, 2003). During infancy,
factor analytic studies suggest that regulation consists of several fine-grained facets, including
orientation toward stimuli, pleasure elicited by low-intensity stimuli, cuddliness, and soothability
(e.g., Gartstein & Rothbart, 2003; Putnam, Rothbart, & Gartstein, 2008). As children develop,
regulatory capacity changes, as evidenced by increases in attentional regulation and IC (Bridgett
et al., 2011; Gartstein, Bridgett, Young, Panksepp, & Power, 2013). Inhibitory control emerges
between the first and second year of life (Rothbart, 1988) and has been measured through
systematic performance-based paradigms in children ranging in age from 18 months to 6 ½ years
(Kochanska, Murray, & Coy, 1997; Kochanska, Murray, & Harlan, 2000; Kochanska, Murray,
Jacques, Koenig, & Vandegeest, 1996; Spinrad, Eisenberg, & Gaertner, 2007).
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Behavioral Inhibition

Fear and Behavioral Inhibition

Gray’s motivational theory (1982a, 1982b, 1987a, 1987b) is a prominent theory detailing
several distinct brain systems believed to influence reactions to stimuli. These systems are
known as the Fight/Flight System (revised to be the Fight/Flight/Freeze System [FFFS]; Gray &
McNaughton, 2000; McNaughton & Corr, 2004), the Behavioral Approach System (BAS), and
the Behavioral Inhibition System (BIS). These systems were characterized as distinct based on
the notion that the brain areas underlying approach behavior (e.g., ventral tegmentum, nucleus
accumbens, ventral striatum) are different than the brain areas underlying inhibited behavior
(e.g., ventromedial hypothalamus, central gray matter, and amygdala). The FFFS helps
engagement in escape behaviors and defensive reactions upon detection of threat, whereas the
BAS functions to increase experiences of reward (e.g., approach behavior) while also
minimizing experiences of punishment when behavioral responses are required (e.g., active
avoidance).
Particularly relevant to the current study, the BIS functions to inhibit approach-based
motivational behaviors based on the expectation of aversive consequences. Originally, the BIS
was considered to be involved in generating emotional reactions of fear and anxiety thereby,
leading to passively avoidant behavior; however, Gray and McNaughton’s (2000) revised
version of the theory suggests that the FFFS is involved in the production of fear (i.e., perceived
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threat based on an immediate stimulus), whereas the BIS is involved in the production of anxiety
(i.e., perceived threat based on a future stimulus). Gray’s motivational theory (e.g., 1982a)
continues to have a lasting impact on the understanding of fear-related behaviors (e.g.,
Campbell-Sills, Liverant, & Brown, 2004; Johnson, Turner, & Iwata, 2003) and shares
substantial overlap with seminal work conducted by Kagan and colleagues (e.g., Kagan,
Reznick, Clarke, Snidman, & Garcia-Coll, 1984), who focused on examining BI in young
children.
The pioneering work of Kagan and colleagues advanced the understanding of BI as a
facet of temperament. Kagan and colleagues (1984) identified two categories of temperament
based on BI: inhibited or uninhibited. Inhibited children were characterized as showing
withdrawal behavior, diminished activity, flight to a caregiver, and restricted verbalizations
during the presence of unfamiliar stimuli. Uninhibited children were characterized as
demonstrating continued activity and even approach-related behavior during the presence of
unfamiliar stimuli. In Kagan and colleagues’ original study (1984), 305 children were initially
screened for levels of inhibition, which led to selecting 117 children for subsequent laboratory
observations. Kagan and colleagues observed children’s behavior when exposed to multiple
unfamiliar tasks, including being presented with an unfamiliar researcher, a set of novel toys, an
interaction with a female stranger, a strange-looking robot, and a separation from the primary
maternal caregiver. Of the 117 children, 28 children were classified as extremely inhibited and
30 children as extremely uninhibited based on consistent inhibition or consistent lack of
inhibition across the tasks (Kagan et al., 1984). These children served as the primary sample for
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subsequent longitudinal studies examining the stability of BI as well as the initial studies
examining biological links to BI.

Biological Links to Behavioral Inhibition

Given that researchers have considered BI as a temperament dimension and temperament
is believed to reflect biologically influenced behavioral predispositions, a substantial amount of
research has examined biological links to BI. Kagan and colleagues suggested that individual
differences in BI likely reflect individual differences in amygdala reactivity (e.g., Kagan, 2001;
Kagan & Snidman, 1991). This hypothesis was predominantly based on relevant animal and
human literature pointing to the substantial involvement of the amygdala in fear-conditioning
and fear-potentiated behaviors (e.g., Davis, 1992; LeDoux, 2007; LeDoux, Iwata, Cicchetti, &
Reis, 1988). Relatedly, maturation of the amygdala and hippocampus, another neurobiological
structure involved in fear-related behaviors (e.g., Fanselow, 2000; Kim, Rison, & Fanselow,
1993; Phillips & LeDoux, 1992), is consistent with both the emergence of BI and its rapid
development during childhood, until stabilizing somewhere between 6 and 12 years of age (e.g.,
Cotê, Tremblay, Nagin, Zoccolillo, & Vitaro, 2002; Karevold, Ystrom, Coplan, Sanson, &
Mathiesen, 2012).
Although it is likely that subcortical structures, such as the amygdala and hippocampus,
are involved in BI, no neuroimaging studies examining relations between subcortical activity and
BI in young children have been conducted. However, adults originally classified as inhibited in
Kagan’s longitudinal studies demonstrated more bilateral amygdala activation when presented
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with novel faces than adults originally classified as uninhibited (Schwartz, Wright, Shin, Kagan,
& Rauch, 2003). In addition, adolescents with a history of high levels of BI have demonstrated
increased amygdala activity to emotional faces (Pérez-Edgar et al., 2007). Despite the limited
evidence regarding differential patterns of subcortical activity corresponding to individual
differences in BI, there has been evidence of other biomarkers of BI, including cardiovascular
functioning, neuroendocrine responses, and cortical electrophysiological activity.
With respect to cardiovascular functioning, several empirical findings suggest that BI is
positively related with heart rate increases, negatively related with heart period (i.e., the interval
between consecutive heart beats), and positively related with reductions in heart period (e.g.,
greater BI corresponding to larger heart period reductions) during novel situations (Kagan et al.,
1984; Kagan, Reznick, & Snidman, 1987, 1988; Scarpa, Raine, Venables, & Mednick, 1995).
Lower heart period at baseline has been associated with the continuity of BI from 4 ½ to 7 ½
years of age (Marshall & Stevenson-Hinde, 1998). Although these findings provide compelling
evidence of altered cardiovascular functioning in the context of heightened BI, one other study
was unable to find similar associations using an unselected sample of 2-year-old children
(Calkins & Fox, 1992).
In addition to links between cardiovascular functioning and BI, prior studies have
examined baseline neuroendocrine levels as well as neuroendocrine reactivity to novel situations
as biomarkers of BI, particularly focusing on cortisol given its role in stress-based reactions.
There have been mixed findings, with some studies observing high levels of baseline cortisol
corresponding to heightened levels of BI (Kagan, Reznick, & Snidman, 1987; Schmidt et al.,
1997). Another study found that elevated home cortisol levels were related to elevated BI when
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children were 2 years old; however, elevated cortisol reactivity was more strongly associated
with assertive, approach-related behavior (as compared to reticent behavior) during preschool (de
Haan, Gunnar, Tout, Hart, & Stansbury, 1998). One explanation for these inconsistent findings is
that children with heightened BI likely avoid social situations during preschool and therefore do
not demonstrate elevated cortisol reactivity during this transition (Gunnar, 1994). In line with
this notion that inhibited children may only demonstrate elevated cortisol reactivity when
contexts are perceived as threatening, inhibited children who are insecurely attached apparently
show greater cortisol reactivity during the Strange Situation Paradigm than inhibited children
who are securely attached, likely due to the safety and comfort that secure attachment provides in
the presence of novel situations (Nachmias, Gunnar, Mangelsdorf, Partiz, & Buss, 1996).
Beyond neuroendocrine responses, several promising findings have occurred when
examining electrophysiological cortical activity patterns – as measured through
electroencephalograms (EEGs) and subsequent event-related potentials (ERPs) – as biomarkers
of BI (e.g., Fox, Henderson, Rubin, Calkins, & Schmidt, 2001). These studies stem from
applying the tenets of Gray’s motivational theory (e.g., Gray, 1982a) to relative patterns of
baseline hemispheric cortical activity (e.g., patterns of asymmetrical activation), such that
increased approach behavior (e.g., BAS involved) is associated with left-frontal asymmetry (i.e.,
relatively more activity in the left frontal lobe than the right frontal lobe), whereas increased
inhibited behavior (e.g., BIS involved) is associated with right-frontal asymmetry (i.e., relatively
more activity in the right frontal lobe than the left frontal lobe; Coan & Allen, 2003; Davidson,
1992; Fox, 1991, 1994). Right-frontal asymmetry has been linked with higher levels of BI at
both 14 months of age and 24 months of age (Fox, Calkins, & Bell, 1994), especially when
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children also demonstrated heightened levels of negative affectivity at 4 months of age
(Henderson, Fox, & Rubin, 2001). In addition, children who demonstrated heightened negative
affectivity at 4 months and heightened BI at both 14 and 21 months of age were the most likely
to demonstrate right-frontal asymmetry 8 to 10 years later (i.e., at 10 to 12 years of age;
McManis, Kagan, Snidman, & Woodward, 2002). Right-frontal asymmetry has also been
associated with the stability of BI such that greater levels of right-frontal asymmetry are
associated with increased continuity of BI (Fox et al., 2001). It is important to report how these
biological factors are linked to BI; however, the focus of the current study is not on biological
variables and therefore such biological factors are not discussed further.

Continuity and Discontinuity of Behavioral Inhibition

Kagan and colleagues’ original longitudinal study (1984) examined extremely inhibited
children and extremely uninhibited children across multiple time points, including when children
were 21 and 22 months old, 4 years old, 5 ½ years old, and 7 ½ years old. Findings generally
converged to suggest that there was modest stability in inhibited behavior, such that inhibited
children tended to remain reticent while uninhibited children tended to remain at ease during
novel situations. The association between 21-month and 22-month BI was moderately high (i.e.,
r = .60). With respect to predicting outcomes, correlations between inhibition at former time
points (i.e., 21-months, 4 years, and 5 ½ years) and inhibition at 7 ½ years were also moderately
high (r’s = .67, .54, and .57, respectively; Kagan, Reznick, Snidman, Gibbons, & Johnson,
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1988). Kagan and colleagues also reported findings, based on a second cohort of children
selected due to extreme inhibition or extreme lack of inhibition, that showed similar levels of
continuity for similar time points (e.g., 31 months to 43 months, r = .59; Kagan, Reznick, &
Snidman, 1987).
Subsequent research has supported the notion that BI demonstrates moderate continuity
during infancy and childhood. During this time period (4 months to ~4 years of age), stability
estimates (i.e., test-retest correlations) are modest, spanning a range from r = .18 to r = .52, from
unselected samples as well as from samples selected on the basis of negative reactivity (Fox et
al., 2001; Henderson, Fox, & Rubin, 2001; Henderson, Marshall, Fox, & Rubin, 2004; Kagan et
al., 1984; Kagan, Snidman, & Arcus, 1998; Kerr, Lambert, Stattin, & Klackenberg-Larsson,
1994; Reznick et al., 1986; Sanson, Pedlow, Cann, Prior, & Oberklaid, 1996). Selected samples
based on extreme levels of negative reactivity tend to show greater levels of continuity in BI than
unselected samples across toddlerhood, middle childhood, and adolescence (Degnan & Fox,
2007). During toddlerhood to early childhood (ages 2 – 4 years), unselected samples tend to
show low to moderate stability estimates (r’s < .30; Rubin, Burgess, & Hastings, 2002;
Zhengyan, Huichang, & Xinyin, 2003), whereas one sample selected on the basis of extreme
levels of negative reactivity during infancy demonstrated moderate to high stability (r = .52;
Kagan, Resnick, & Snidman, 1987). The pattern of findings that unselected samples show less
continuity in BI than selected samples has been argued as support that negative reactivity to
novelty (e.g., fearfulness) and reticent, inhibited behavior (e.g., BI) reflect patterns of heterotypic
continuity (i.e., an underlying predisposition showing different behavioral manifestations across
development) between infancy and early childhood (Degnan & Fox, 2007; Fox, Henderson,
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Marshall, Nichols, & Ghera, 2005; Kagan, Snidman, & Arcus, 1998). This proposition has also
been supported by factor analytic studies of temperament across the infancy and early childhood
development span as evidenced by negative reactivity to novelty, shyness, inhibited behavior,
and fearfulness all loading onto a single factor, often labeled as broad negative reactivity (e.g.,
Putnam, Rothbart, & Gartstein, 2008).

Factors Promoting Discontinuity in Behavioral Inhibition

Exogenous and endogenous factors play a role in the discontinuity of BI. With respect to
exogenous factors, Fox and colleagues discovered that 4-month infants who demonstrated
heightened levels of negative affectivity were less likely to demonstrate subsequent heightened
BI when they were placed in nonparental caregiving environments for at least 10 hours per week
(Fox et al., 2001). It is possible that maternal characteristics (e.g., maternal BI, maternal selfregulation) that affect the likelihood of children being placed in nonparental caregiving
environments and/or parenting behaviors may better account for these findings (Degnan & Fox,
2007; Degnan, Henderson, Fox, & Rubin, 2008; Fox et al., 2005). In particular, mothers who are
more inhibited may be less likely to expose children to nonparental day-care and are also more
likely to demonstrate overcontrolling and intrusive parenting behaviors (e.g., Arcus &
McCartney, 1989; Ginsburg, Grover, Cord, & Ialongo, 2006; Moore, Whaley, & Sigman, 2004).
Relatedly, children appear more likely to demonstrate heightened BI when their parents
demonstrate intrusive behaviors (e.g., Rubin, Burgess, & Hastings, 2002; Wood, Mcleod,
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Sigman, Hwang, & Chu, 2003) as well as harsh, negative behaviors (e.g., Brooker & Buss,
2014).
The extant literature is substantially less clear with respect to the influence of sensitive
and responsive parenting on the development of BI. Sensitive parenting is often considered to
reduce heightened levels of infant negative affect (e.g., Belsky, Fish, & Isabella, 1991), yet some
researchers suggest that sensitive, overly solicitous parenting may increase the stability of BI
(e.g., Rubin, Burgess, & Hastings, 2002). It is possible that overly sensitive parents attempt to
rescue children from fear-eliciting situations and thereby prevent children from adequately
learning that certain novel events are harmless while also reinforcing inhibited behavior (e.g.,
Kagan, 2001). For example, an overly sensitive parent may see a child experiencing fear at the
onset of a novel, social event (e.g., being asked to order food at a new restaurant) and quickly
respond to reduce the child’s distress (e.g., order for the child), although the parent’s behavior
likely reinforces the child’s inhibited behavior. In support of this hypothesis, there is some
evidence that children show less BI between 2 and 3 years of age when their fathers demonstrate
less sensitive and affectionate behavior (Park, Belsky, Putnam, & Crnic, 1997). In contrast, there
is evidence suggesting that maternal sensitivity can reduce broad negative affectivity across a
similar time span (Belsky, Fish, & Isabella, 1991) and that less responsive parenting is
particularly associated with heightened BI (Van den Akker, Deković, Prinzie, & Asscher, 2010),
whereas more sensitive and responsive parenting is associated with more socially adaptive
behavior (Wood et al., 2003).
In addition to exogenous factors, several endogenous factors have been related to the
discontinuity of BI. As previously mentioned, children who demonstrated less right-frontal
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asymmetry, particularly children with a different pattern consisting of increased left-frontal
asymmetry, were more likely to demonstrate reductions in BI during the first two years of life
(Fox et al., 2001). In addition, researchers have suggested that the emergence of regulatory
functions at the end of the first year of life may contribute to discontinuity of BI, particularly for
children who demonstrate better abilities to engage in voluntary attentional regulation (e.g.,
Degnan & Fox, 2007). Since children with heightened BI are more likely to exhibit
hypervigilance toward perceived threats (MacLeod & Mathews, 1988; Pérez-Edgar & Fox,
2005), the development of executive attentional control may allow children with better
attentional regulation to modulate heightened, reactive BI tendencies by controlling this
attentional hypervigilance (Derryberry & Reed, 2002). Interestingly, executive attentional
control loads onto the construct of effortful control along with IC (e.g., Putnam, Gartstein, &
Rothbart, 2006), yet prior research has not established whether IC enhances or undermines the
continuity of BI (e.g., Degnan & Fox, 2007).

Inhibitory Control

The psychobiological theory of temperament considers effortful control as a higher order
factor of regulation involving attentional regulation (e.g., effortful modulation of attentional
focus) and IC (e.g., Rothbart & Bates, 1998). Kochanska and colleagues (1997, 1996) proposed
that IC consists of multiple aspects, including (a) delaying, (b) slowing down motor activity, (c)
suppressing and initiating to a signal, (d) lowering voice, and (e) effortful attention, based on
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guiding theoretical propositions and related empirical findings. These conceptual definitions
share considerable overlap with Block and Block’s (1980) constructs of ego control and ego
resiliency, although modern researchers have begun to use IC as the predominant term. Research
pertaining to IC has increased in the past few decades given its ability to predict many outcomes,
such as school achievement (e.g., Ponitz, McClelland, Matthews, & Morrison, 2009), antisocial
and prosocial behavior (e.g., Kochanska, 1997), emotion regulation (e.g., Carlson & Wang,
2007), and psychopathology (e.g., Lipszyc & Schachar, 2010; Schachar & Logan, 1990).
Research investigating IC has also progressed following the development of multiple, robust
methodological approaches intended to assess individual differences in IC through both
questionnaire-based reports (e.g., Capaldi & Rothbart, 1992; Gartstein & Rothbart, 2003;
Putnam, Gartstein, & Rothbart, 2006; Rothbart, Ahadi, Hershey, & Fisher, 2001) and
standardized performance-based paradigms (e.g., Kochanska, Murray, Jacques, Koenig, &
Vandegeest, 1996).
Rothbart and colleagues’ series of questionnaires, including the Infant Behavior
Questionnaire – Revised (IBQ-R; Gartstein & Rothbart, 2003), the Early Childhood Behavior
Questionnaire (ECBQ; Putnam, Gartstein, & Rothbart, 2006), the Child Behavior Questionnaire
(CBQ; Rothbart, Ahadi, Hershey, & Fisher, 2001), and the Early Adolescent Temperament
Questionnaire (EATQ; Capaldi & Rothbart, 1992), are designed to assess temperament
characteristics (i.e., reactivity and regulation) from the ages of 3 months to 14 years. Within each
of these questionnaires, the IC subscale demonstrated adequate psychometric properties as well
as moderate longitudinal stability, with the exception of the IBQ-R (Gartstein & Rothbart, 2003).
Gartstein and Rothbart (2003) contended that a valid and reliable assessment of IC was not
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promising during the first year of life and therefore the IBQ-R does not contain an IC subscale.
Although IC was not able to be measured during the first year of life, researchers have found that
items pertaining to IC can be adequately rated by parents of children as young as 18 months,
evidenced by adequate psychometric properties, consistent loadings on the effortful control
factor, and relatively moderate longitudinal stability across early childhood (Putnam, Gartstein,
& Rothbart, 2006).
Beyond report-based measurements of IC, Kochanska and colleagues (1997, 1996)
developed standardized, performance-based assessments of IC that are widely used in the
developmental literature. Examples of these performance-based batteries include Snack Delay
(children are asked to wait to reach for an M&M until a bell is rung), Tongue (children are asked
to wait to eat an M&M placed under their tongue), Bear-and-Dragon (children are asked to
repeat actions a puppet bear requests but inhibit performing actions that a puppet dragon
requests), and Circles (children are asked to draw one circle as fast as possible and then draw
another circle as slow as possible). Across multiple studies (i.e., Kochanska, Coy, & Murray,
2001; Kochanska, Murray, & Coy, 1997; Kochanska, Murray, & Harlan, 2000; Kochanska et al.,
1996), these tasks demonstrated robust psychometric properties with high inter-rater reliability
estimates (e.g., kappas > .80), moderate longitudinal stability coefficients (e.g., r’s generally >
.30), and significant convergent validity as evidenced by significant relations with questionnairebased reports of IC (e.g., r’s generally > .40). In particular, delaying abilities have been
measured as early as 18 months of age using the snack delay task and demonstrated similar
psychometric properties as Kochanska and colleagues’ studies (Spinrad, Eisenberg, & Gaertner,
2007). Taken together, both performance- and report-based measurements have provided
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developmental researchers the opportunity to examine the development of IC during the early
childhood time period.
Based on pertinent developmental research, it appears that the emergence of IC occurs
approximately after the first year of life and is considered related to the maturation of the
executive anterior attentional network (e.g., Rothbart, Derryberry, & Posner, 1994). Relative to
other aspects of temperament, such as BI, IC develops in a more protracted fashion, with meanlevel increases occurring into early adulthood corresponding to extended maturation of
underlying prefrontal cortical substrates (Bridgett et al., 2015; Rothbart, 1988). Importantly, IC
appears to develop rapidly after the first year of life (e.g., Spinrad, Eisenberg, & Gaertner, 2007).
Despite this observation, temperament characteristics that may serve as foundational precursors
for the development of IC between the first and second year of life have been understudied. To
depict the current understanding of the development of IC, a description of studies addressing the
continuity and discontinuity of IC is needed.

Continuity and Discontinuity of Inhibitory Control

A substantial amount of research has focused on observations of IC during toddlerhood
(e.g., approximately 2 to 3 years; Kochanska et al., 1996), preschool-age (e.g., approximately 3
to 4 years; Li-Grining, 2007), school-age children (e.g., approximately 4 to 6 years; Kochanska,
Murray, & Coy, 1997), and even during middle childhood and adulthood (e.g., 6 to 81 years;
Williams, Ponesse, Schachar, Logan, & Tannock, 1999). Assessments of IC based on
performance during laboratory paradigms has demonstrated moderate stability from
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approximately 22 to 33 months (r = .44; Kochanska, Coy, & Murray, 2001; Kochanska &
Knaack, 2003) and moderate to high stability from approximately 33 to 66 months (r’s range
from .40 to .80; Kochanska, Coy, & Murray, 2001; Kochanska, Murray, & Coy, 1997). Reportbased measurements (e.g., ECBQ, CBQ) of IC at similar age periods show similar levels of
stability coefficients with moderate to high stability from approximately 33 to 66 months (r’s
range from .65 to .77; Kochanska, Murray, & Coy, 1997) and moderate to high stability from
approximately 60 to 84 months (r’s = .73 and .64 based on maternal and paternal report,
respectively). Although these studies provide compelling evidence of moderate rank-order
stability in IC following the second year of life, there is less known about the stability in IC
between the first and second year of life.
Primarily two studies have informed the limited understanding of the development in IC
between the first and second year of life. Spinrad, Eisenberg, and Gaertner (2007) administered
Kochanska and colleagues’ snack delay task to toddlers at 18 and 30 months of age. Inhibitory
control performance increased from 18 to 30 months evidenced by 25% of the sample
successfully delaying a response at 18 months compared to 79% of the sample successfully
delaying a response at 30 months. While IC appeared to improve as children aged, there was no
evidence of rank-order stability as seen by a nonsignficant correlation (r = .03, p > .05) between
18 and 30 month IC. In contrast, IC has demonstrated moderate to high rank-order stability
during a similar time frame based on the psychometric development of the ECBQ conducted by
Putnam and colleagues (2006). These researchers gathered data from primary and secondary
caregivers through repeated reports of their toddlers’ temperament characteristics between 18
and 36 months. Findings revealed significant correlations between the IC scale measured at 18
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months and between 24 and 36 months (r = .69) as well as at 18 months and between 18 and 36
months (r = .59). Similar longitudinal associations were found based on reports from secondary
caregivers (r’s = .72 and .49, respectively). Inconsistent findings regarding the rank-order
stability of IC between the first and second year of life may be explained by variations in the
methodology. Nevertheless, it is clear that IC undergoes extensive development between the first
and second year of life, yet it is remarkably unclear what antecedent factors may contribute to
such change.
Broadly, several antecedent factors during early childhood have been implicated in the
discontinuity of IC. Li-Grining (2007) conducted a longitudinal study examining the continuity
of effortful control among low-income children between 2 and 4 years of age. Inhibitory control
was assessed using delayed gratification tasks at both time points and found to be moderately
stable (r = .40). Inhibitory control at 4 years of age was predicted by age (with older children
performing better) and gender (with girls demonstrating better IC) as well as by prior levels of
dyadic connectedness (with higher connectedness demonstrating better IC) and low birth weight
(with lower birth weight demonstrating worse IC). In a recent study, Razza and Raymond (2013)
examined maternal behavior across the first 36 months of life as well as IC at 54 months.
Findings revealed a significant link between maternal sensitivity and IC such that higher
maternal sensitivity predicted better IC.
In addition to these studies, findings from Kochanska, Murray, and Harlan (2000)
suggested that effortful attention may serve as an antecedent to the development of IC. In their
study, effortful attention measured at 9 months was significantly related to IC measured at 22
months, albeit a significant relation did not emerge between effortful attention and IC measured
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at 33 months. Beyond these findings, which support the notion that individual temperament
characteristics and contextual factors likely influence the development of IC, BI has been
considered a potential antecedent factor in the development of IC given its earlier emergence as
well as shared behavioral characteristics (Aksan & Kochanska, 2004). Although BI and IC share
behavioral characteristics (e.g., inhibition of motor movement), there is evidence that effortful
control and BI are distinct constructs as early as 30 months of age (Eisenberg et al., 2013). This
allows for the possibility that BI may serve a facilitative role in the development of IC,
particularly between the first and second year of life.

Potential Facilitative Role of Behavioral Inhibition

Aksan and Kochanska (2004) proposed a pathway indirectly linking BI to IC through
processing speed. Specifically, BI was expected to decrease children’s speed in approach-related
responses which, in turn, improves the development of IC. Aksan and Kochanska (2004)
articulated that inhibiting motor approach due to BI may generalize to situations involving
known stimuli (i.e., not novel) that require motor inhibition. Children were observed at 9, 14, 22,
33, and 45 months. Measurements of BI were conducted when children were 9, 14, 22, and 33
months while measurements of processing speed (also referred to as impulsivity) were conducted
when children were 22, 33, and 45 months. Pertinent to the current study, IC was only measured
at 45 months. Observation-based measurements served as the only measurement approach for the
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study’s variables. Findings based on Structural Equation Modeling (SEM) techniques revealed a
significant indirect link between BI and IC through motor processing speed.
Although the Aksan and Kochanska (2004) findings support BI as having a role in the
development of IC, another study did not find a significant relationship between 18-month
effortful control and 30-month BI using SEM (Spinrad, Eisenberg, & Gaertner, 2007). Two
important caveats in Spinrad and colleagues’ (2007) study were: (a) the relation between 18month BI and 30-month IC was not examined and (b) effortful control was modeled as a latent
factor using both IC and attentional regulation as indicators. The inclusion of attentional
regulation may have masked the true relation between IC and BI given that attentional regulation
likely has a negative relation with BI whereas IC may have a positive relation with BI (e.g.,
Degnan & Fox, 2007). Given these inconsistent findings, it is important to consider the
limitations of each study and how these limitations may have contributed to the mixed results. In
particular, the current study intended to provide clarity with respect to whether BI may influence
the development of IC.
The current study focused solely on relations between IC and BI, which extended upon
the limitation that Spinrad and colleagues (2007) loaded both attentional regulation and IC onto a
latent construct when predicting BI, given that IC and attentional regulation may have opposing
relations with BI (e.g., Degnan & Fox, 2007). Therefore, Aksan and Kochanska’s (2004) study
has a pivotal role with respect to the goals of the proposed study given it focused solely on IC
and found evidence that BI may facilitate the development of IC. However, there were several
limitations in Aksan and Kochanska’s (2004) study that the current study intended to address.
One such limitation was the sole use of performance-based data. The exclusion of report-based
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measurements presents the possibility that findings from the prior study may have been
systemically influenced by factors relevant to the measurement approach. Although the
researchers used SEM techniques to estimate measurement error, two of the three main variables
(i.e., motor processing speed and IC) could only be constructed as observed variables rather than
latent variables. In addition to this limitation, the researchers only measured IC at the 45-month
time point. The lack of prior measurement limits the degree to which the findings provide
inference for causality (e.g., Kenny, 1975). Finally, one broad limitation of Aksan and
Kochanska’s (2004) findings is the children were studied at a time period subsequent to the
emergence of IC. As mentioned previously, IC appears to rapidly develop between the first and
second year of life, thereby representing a time period quite suitable for examining potential
factors that may influence the development of IC. Taken together, it is important that these
limitations are addressed with respect to the potential influence of BI on IC, particularly given
that both factors share substantive and similar associations with subsequent psychopathology.

Temperament and Developmental Psychopathology

There is considerable evidence that temperament characteristics have a strong influence
on the development of psychopathology (Nigg, 2006). Some researchers even posit that extreme
levels of temperament characteristics represent phenotypic manifestations of psychiatric
disorders during early childhood (e.g., Egger & Angold, 2006; Frick, 2004). Research examining
developmental psychopathology typically differentiates two forms of pathological concerns –
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internalizing problems and externalizing problems – that emerge and can be reliably assessed as
early 1 ½ years of age (e.g., Achenbach, 1991). Internalizing behaviors generally relate to
concerns stemming from anxiety, depression, or somatic symptoms. Externalizing behaviors
consist of impulsivity, aggression, or conduct-related issues. Given the proposed study’s focus
on BI and IC, the following sections detail the relevant literature examining relations between
these temperament facets and subsequent internalizing and externalizing problems.

Role of Behavioral Inhibition

Generally, high BI appears to operate as a risk factor for the development of internalizing
problems (e.g., Chronis-Tuscano et al., 2009; Schwartz, Snidman, & Kagan, 1999) whereas it
also operates as a protective factor for the development of externalizing problems (e.g.,
Hirschfeld-Becker et al., 2002, 2006). With respect to internalizing problems, there is ample
evidence that higher levels of BI and social reticence are linked to greater levels of subsequent
internalizing concerns in childhood and adolescence (e.g., Fox et al., 2001; Muris, Merckelbach,
Wessel, & Van de Ven, 1999; Rubin, Burgess, & Hastings, 2002; Volbrecht & Goldsmith,
2010). In addition, multiple studies have examined the roles that rank-order stability and meanlevel changes in BI have in predicting subsequent internalizing problems. Higher levels of and
relatively faster increases in shyness between years 1 ½ and 12 ½ predict increased anxiety and
depression symptoms at 12 ½ years of age (Karevold et al., 2012). Similarly, evidence suggests
that increasing levels of fearfulness during the first year of life predict subsequent anxiety
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problems (Gartstein et al., 2010). Stable levels of high social reticence, as well as increasing
levels of social reticence, between the ages of 2 and 5 years have predicted internalizing
problems at 5 years of age (Degnan et al., 2014). In addition, both elevated levels of early BI and
increased stability in BI across early childhood and middle childhood are linked to an increased
likelihood of developing Social Anxiety Disorder (Biederman et al., 2001; Chronis-Tuscano et
al., 2009).
In contrast, externalizing problems have been linked to elevated levels of disinhibition
(i.e., low levels of BI). Low levels of BI (also referred to as fearlessness, exuberance, or
disinhibition; Degnan et al., 2011; Hirshfeld-Becker et al., 2003) are linked to a greater
likelihood of experiencing symptoms of disruptive behavior disorders, including AttentionDeficit/Hyperactivity Disorder (Hirshfeld-Becker et al., 2003, 2002) and Oppositional Defiant
Disorder (Hirshfeld-Becker et al., 2007). In addition, children exhibiting fearlessness tend to
have a greater risk for having chronic levels of conduct problems (e.g., Frick & Morris, 2004;
Shaw, Gilliom, Ingoldsby, & Nagin, 2003). These patterns of subsequent externalizing behaviors
being predicted by low levels of BI may be due to the shared overlap between BI and
impulsivity, which is a factor that is considered especially influential in the development of
externalizing pathology (Nigg, 2006). In particular, both BI and impulsivity seem to load (in
opposing directions) onto a single factor prior to 30 months of age, whereas these characteristics
apparently load onto separate factors following 42 months of age (Eisenberg et al., 2013).
Therefore, it is possible that fearless behavior predicts subsequent externalizing problems due to
its origin in impulsivity. Nevertheless, these findings provide evidence that BI potentially plays a
role in the development of both internalizing problems and externalizing problems.
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Role of Inhibitory Control

Similar to BI, high IC potentially operates as a risk factor for the development of
internalizing concerns (e.g., Henderson, Pine, & Fox, 2015), while acting as a protective factor
against the development of externalizing concerns (e.g., Gusdorf, Karreman, van Aken, Deković,
& van Tuijl, 2011). With respect to internalizing problems, high levels of IC have been observed
to predict high levels of shyness at 42 months, though shyness tends to reduce between 42 and 84
months (Eggum-Wilkens, Reichenberg, Eisenberg, & Spinrad, 2015). These results are similar to
findings indicating that children with high levels of BI as well as high levels of IC were most
likely to develop internalizing problems (White, McDermott, Degnan, Henderson, & Fox, 2011),
particularly social anxiety concerns (Thorell, Bohlin, & Rydell, 2004).
Most research examining the role of IC in the development of externalizing problems is
based on broad effortful control, not specifically IC, and suggests that low levels of effortful
control confer risk for the development of externalizing problems. Eisenberg and colleagues
(2001, 2005) have conducted two separate longitudinal studies examining relations between
children’s effortful control and externalizing problems. In one study, children were assessed at 9,
11, and 13 years and results revealed that children’s earlier effortful control predicted subsequent
externalizing problems while controlling for earlier externalizing problems (Eisenberg et al.,
2005). Similarly, low effortful control predicted greater externalizing problems in a longitudinal
sample of children assessed at 55 and 97 months (Eisenberg et al., 2001). Although these studies
examined the broad construct of effortful control, there is relatively recent evidence that
specifically IC measured at 38 months predicts behavior problems at 100 months (Kim,
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Nordling, Yoon, Boldt, & Kochanska, 2013). In addition, a childhood history of having greater
IC was associated with fewer conduct-related problems (e.g., criminal offenses) in adulthood
(Moffitt et al., 2011). Taken together, there is evidence that both BI and IC demonstrate similar
relations when predicting internalizing and externalizing problems. However, previous research
has not disentangled reasons for such convergent relations, such as the potential facilitative role
that BI plays in the development of IC or the possibility that each construct uniquely predicts
psychopathology given evidence that BI and IC are distinct constructs as early as 30 months of
age, evidenced by loading onto separate factors (Eisenberg et al., 2013).

The Current Study

Research examining the stability of temperament characteristics, including BI and IC,
suggests that early childhood is a particularly sensitive time wherein changes in temperament
characteristics are more apparent than at subsequent time points (e.g., Rothbert, 1988; Rothbart
& Derryberry, 1981). However, it is also evident that individual differences in BI and IC exhibit
modest stability during early childhood (e.g., Kagan et al., 1987; Kochanska et al., 1996;
Putnam, Gartstein, & Rothbart, 2006). Based on this evidence, the following hypotheses (i.e.,
stability hypotheses) were made:

Hypothesis 1 (H1): Behavioral inhibition measured at 18 months of age was expected to
be significantly, positively related to BI measured at 24 months of age.
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Hypothesis 2 (H2): Inhibitory control measured at 18 months of age was expected to be
significantly, positively related to IC measured at 24 months of age.

Theoretical models of temperament suggest that reactive components of temperament
emerge earlier than regulatory components (e.g., Rothbart, 1988; Rothbart & Derryberry, 1981).
Existing evidence aligns with these theoretical propositions when examining both BI and IC at a
behavioral level (Gartstein & Rothbart, 2003; Kochanska, Murray, & Coy 1997; Putnam,
Gartstein, & Rothbart, 2006) as well as considering the development of neurobiological
substrates underlying BI and IC (Bridgett et al., 2015). Previous research has suggested that BI
may serve as a mechanism for developing IC, given its influence on motor processing speed (i.e.,
impulsivity; Aksan & Kochanska, 2004). In other words, BI allows children to slow down
approach-related behavior in novel situations, a behavioral repertoire that may generalize to
situations involving appetitive goals (e.g., positive, immediate outcomes) as IC emerges and
continues to develop. Prior research has demonstrated that BI – measured at multiple time points
between 9 months and 33 months – is indirectly associated with IC – measured at 45 months –
through impulsivity (Aksan & Kochanska, 2004). However, prior research has not examined
cross-lagged relations (i.e., including concurrent measurements and subsequent measurements of
both constructs) between BI and IC during the time period when both BI and IC show substantial
development (i.e., 18 – 24 months). Based on the premise that BI may facilitate the development
of IC, the following hypothesis was made:

31
Hypothesis 3 (H3): Behavioral inhibition measured at 18 months of age was expected to
be significantly, positively associated with IC measured at 24 months of age while
controlling for IC measured at 18 months of age and BI measured at 24 months of age.

Both IC and BI have been implicated in the development of psychopathology (e.g., Nigg,
2006). High levels of IC tend to predict greater internalizing problems, whereas low levels of IC
tend to predict greater externalizing problems (e.g., Murray & Kochanska, 2002). Similarly, high
levels of BI predict more internalizing problems (e.g., Clauss & Blackford, 2012), whereas low
levels of BI predict more externalizing problems (e.g., Hirshfeld-Becker et al., 2003; Shaw et al.,
2003). One limitation in the extant literature is the lack of simultaneously modeling relations
between BI and subsequent pathology (i.e., internalizing problems, externalizing problems) and
relations between IC and subsequent pathology. Due to this limitation, it is possible that existing
findings have observed similar relations between BI, IC, and subsequent psychopathology due to
the conceptual overlap between BI and IC. As hypothesized, it is possible that BI may influence
the development of IC, which may be a reason why BI and IC share similar relations with
subsequent psychopathology. Given that a substantial amount of research has focused on BI as a
risk factor for internalizing concerns (e.g., Degnan & Fox, 2007) and IC as a protective factor
against externalizing concerns (e.g., Eisenberg et al., 2009) the following hypotheses were made:
Hypothesis 4 (H4): Inhibitory control measured at 24 months of age was expected to be
significantly, inversely related with externalizing problems measured at 30 months of age
while controlling for IC measured at 18 months of age as well as BI measured at both 18
and 24 months of age.
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Hypothesis 5 (H5): Behavioral inhibition measured at 24 months of age was expected to
be significantly, positively related with internalizing problems measured at 30 months of
age while controlling for BI measured at 18 months of age as well as IC measured at both
18 and 24 months of age.

The current study utilized SEM statistical techniques to test the aforementioned
hypotheses. The use of SEM techniques provides the opportunity to test hypotheses in a novel
manner given the ability for SEM to provide robust estimates of error variances as well as to
examine relations between latent constructs rather than solely between observed indicators (e.g.,
Tomarken & Waller, 2005). These advantages were intended to allow the current study to
provide incremental information to the literature given studies in the extant literature often utilize
single measurement methods (e.g., behavioral observations or questionnaire data), whereas the
current study incorporated both behavioral observations and questionnaire-based measurements
of BI and IC. Given that single measurement methods are more vulnerable to methodological
error (e.g., parental reporting characteristics bias reporting of children’s behavior), the use of
SEM techniques provided a better ability to infer causal relationships than previous studies
utilizing other statistical techniques (e.g., hierarchical regression analysis). Given that SEM
provides an opportunity to examine the likelihood that an overall set of specific relationships
(i.e., fitted model) matches the patterns observed in the data, the following hypothesis was made:
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Hypothesis 6 (H6): The hypothesized relations proposed in Hypotheses 1 – 5 will be
tested across multiple structural models using SEM. The hypothesized model (depicted in
Figure 1) was expected to demonstrate adequate fit statistics (i.e., RMSEA < .08, SRMR
< .08, CFI > .90) based on the tested model depicted in Figure 2.

Figure 1
Hypothesized Model Pathways
Note: Indicator loadings and respective error terms are excluded from the figure for the sake of clarity.
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Figure 2
Planned Structural Model to Be Tested
Note: Indicator loadings and respective error terms are excluded from the figure for the sake of clarity.
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CHAPTER 2

METHOD

Participants

One hundred and seventy mothers and their children (90 boys, 80 girls) participating in a
larger, ongoing study examining factors that influence the development of emotion regulation
and temperament characteristics were included in the current study. Participants were recruited
from a rural community in the Midwest through posting flyers in the community, contacting
families with recent birth announcements, and providing information at a local OB/GYN
practice. Participants were eligible if infants were born full term without complications and
without any developmental concerns. Mothers under the age of 17 were considered ineligible.
See Appendix A for the demographic questionnaire.
Mothers were, on average, 27.42 (SD = 6.18) years old and had an average education of
14.83 years (SD = 2.83). Regarding racial background, 71% of mothers identified as White, 15%
as African-American, 10% as Hispanic/Latina, and 4% as from another racial background. The
majority of mothers (87%) reported being in a relationship, including cohabitation and marriage,
while other mothers (13%) reported being single, divorced, or separated. Most families (71%)
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reported being above the poverty line as defined by having an income-to-needs ratio of greater
than 1.00.

Measures

Behavioral Inhibition

Recent studies have demonstrated significant associations between report-based
measurements of shyness and observed inhibited social behavior (Degnan et al., 2008) and
report-based measurements of shyness and fear (e.g., Putnam, Gartstein, & Rothbart, 2006).
Based on these prior empirical findings and relevant theoretical propositions, the current study
utilized questionnaire-based ratings of fear and shyness as well as observationally based
measurements of BI.

ECBQ - Shyness and Fear

The ECBQ (Putnam, Gartstein, & Rothbart, 2006) is a 201-item questionnaire (see
Appendix B) that includes 18 scales intended to measure various aspects of children’s
temperament from the ages of 1 ½ to 3 years old. The ECBQ was administered when children
were 18 months and 24 months and the fear and shyness subscales were used given their shared
conceptual overlap with BI. Mothers were asked to report on the frequency that their child
demonstrates certain behaviors on a 7-point scale from 1 (never) to 7 (always). The fear subscale
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consists of 11 items intended to assess a child’s level of negative affect related to anticipated
pain, distress, sudden events, and/or potentially threatening situations (e.g., when at home, how
often did your child show fear at a loud sound). The shyness subscale consists of 12 items
intended to assess the degree to which a child exhibits a slow or inhibited approach and/or
discomfort in social situations involving novelty or uncertainty (e.g., when approaching
unfamiliar children playing, how often did your child approach slowly). These subscales
demonstrated adequate reliability at 18 months (fear
(fear

= .65 and shyness

= .69 and shyness

= .76) and 24 months

= .81).

Stranger – Lab-TAB Behavioral Observation

The Stranger task as described in the Laboratory Temperament Assessment Battery (LabTAB; Goldsmith & Rothbart, 1999) was used to assess levels of BI at both 18 and 24 months.
The Stranger task involved a research assistant (i.e., the Stranger), unknown to the toddler,
entering the room wearing a hat and sunglasses. The stranger asked the toddler a standardized list
of questions (see Appendix C) and waited a prescribed amount of time following each question.
Toddlers were present in the room with their primary caregiver. Procedures were identical at
both time points with the exception that female research participants were the stranger at 18
months while male research assistants were the stranger at 24 months. Additionally, there was
one instance when a female was the stranger at 24 months due to limited male research assistant
availability. Based on independent-samples t tests, no differences in the six coded variables (i.e.,
distress vocalizations, escape/avoidance, facial fear, facial sadness, bodily fear, and bodily
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sadness) were observed between the rest of the sample and this case (t’s range = -1.50 to 0.28,
p’s range = .14 to .91).
Toddlers were video-recorded to capture their behavioral responses elicited by this task.
Coding BI from the Stranger task was based on recommendations from the Lab-TAB manual
(Buss & Goldsmith, 2000; Goldsmith & Rothbart, 1999). These recommendations have been
successfully implemented in prior research (Biederman et al., 2001; Brooker & Buss, 2014;
Buss, Davis, & Kiel, 2011; Buss, Goldsmith, & Davidson, 2005; Fox et al., 2001). The Stranger
task was divided into eight 10-second epochs. The following behaviors were scored during each
epoch on a scale from 0 (not present) to 3 (highest intensity): distress vocalizations,
escape/avoidance, facial fear, facial sadness, bodily fear, and bodily sadness. Facial affective
coding was based on the AFFEX coding system (Izard, Dougherty, & Hembree, 1983). Although
the Lab-Tab manual includes codes of approach and gaze aversion during the Stranger task,
these codes were excluded due to their conceptual similarity to constructs (e.g.,
surgency/positive affect and regulation, respectively) distinct from BI.
Research assistants were trained to complete coding according to the outlined coding
protocol (see Appendix D). Selected stranger episodes from participants were coded by Dr.
Bridgett and the primary investigator in order to establish adequate inter-rater reliability
estimates with trained coders. Training consisted of coders watching nine videos with the
primary investigator to educate coders on the established coding procedures. Research assistants
independently coded the nine selected episodes until an inter-rater reliability, based on intra-class
correlations, greater than .70 was established (Landis & Koch, 1977; Sim & Wright, 2005).
Additionally, 20% of the videos at 18 months and 24 months were independently coded to
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examine inter-rater reliability. Intra-class correlations were computed for each variable (See
Table 1) and were all greater than .70, which indicated that adequate reliability was achieved
(Fleiss & Cohen, 1973; McGraw & Wong, 1996; Nunnally & Bernstein, 1994; Weir, 2005).

Table 1
BI Intra-Class Correlations for Inter-Rater Reliability
18 month

24 month

Distress Vocalizations

.97

.92

Escape/Avoidance

.94

.94

Facial Fear

.72

.74

Facial Sadness

.86

.83

Bodily Fear

.71

.75

Bodily Sadness

.89

.74

In order to reduce data, correlations between the 10-second epochs for each respective
variable (e.g., correlation between the 1st epoch – escape/avoidance and the 2nd epoch –
escape/avoidance; correlation between the 1st epoch – distress vocalizations and the 2nd epoch –
distress vocalizations) were examined. Predominantly significant, positive correlations were
observed for each variable at adjacent epochs for 18 months (distress vocalization r’s = .60 to
.95; escape/avoidance r’s = .20 to .43; facial fear r’s = .34 to .59; facial sadness r’s = .54 to .77;
bodily fear r’s = .33 to .70; bodily sadness r’s = .43 to .81) and for 24 months (distress
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vocalization r’s = .46 to 1.0; escape/avoidance r’s = .15 to .49; facial fear r’s = -.27 to .62; facial
sadness r’s = .51 to .79; bodily fear r’s = .51 to .82; bodily sadness r’s = .52 to .75). Therefore,
each variable was aggregated based on the average of the epoch scores. Although 24-month
facial fear had one epoch pair (7th epoch and 8th epoch), demonstrating an inverse relation (r =
-.27), the correlations between these epochs and other epochs (e.g., 3rd epoch, 4th epoch) were all
positive and significant (r’s < .18, p < .05). Therefore, 24-month facial fear was aggregated as
the mean score across all of the epochs.
Relations between the aggregated variables (i.e., distress vocalizations, escape/avoidance,
facial fear, facial sadness, bodily fear, and bodily sadness) were examined. Predominantly
significant, positive relations were observed between the six observed variables at 18 months and
24 months (see Table 2); therefore, the distress vocalizations, escape/avoidance, facial fear,
facial sadness, bodily fear, and bodily sadness variables were aggregated to create a total BI
variable at each time point, with higher scores reflecting greater BI. This variable is referred to
as Observed BI.
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Table 2
Inter-Correlations Between Aggregated BI Observed Variables
Observed Variables

1.

2.

3.

4.

5.

6.

1. Distress Vocalizations

-

.27*

.07

.53**

-.02

.45**

2. Escape/Avoidance

.23*

-

.06

.13

.03

.31**

3. Facial Fear

.15

.13

-

.10

.48**

.09

4. Facial Sadness

.76**

.15

.22*

-

.24*

.50**

5. Bodily Fear

.23*

.19

.54**

.30**

-

.07

6. Bodily Sadness

.32*

.01

.08

.52**

.12

-

Note: 18-month variables are below the diagonal and 24-month variables are above the diagonal.
*p < .05, **p < .01

Inhibitory Control

Recent studies have demonstrated significant associations between report-based
measurements of IC and performance-based measurements of IC at ages similar to the children
included in the current study (e.g., Kochanska, Murray, & Coy, 1997; Kochanska et al., 1996;
Spinrad, Eisenberg, & Gaertner, 2007). Based on these prior empirical findings, report-based
ratings of IC and performance-based measurements of IC were expected to be significantly
correlated.
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ECBQ - Inhibitory Control

The inhibitory control subscale of the ECBQ consists of 12 items intended to assess a
child’s capacity to stop, moderate, or refrain from a behavior under instruction (e.g., when asked
to do so, how often was your child able to stop an ongoing activity). The ECBQ inhibitory
control subscale had adequate reliability at 18 months ( = .80) and 24 months ( = .71).

Snack Delay

Toddlers participated in the Snack Delay task as described by Kochanska and colleagues
(1996) and as depicted in the Lab-TAB manual (Goldsmith & Rothbart, 1999). Research
assistants instructed children on how to play the snack delay game (see Appendix E). Children
were asked to refrain from eating an M&M presented in front of them across four trials with the
following delay lengths: 10s, 20s, 30s, and 15s. Experimenters lifted the bell halfway through the
delay length for each respective trial to cue children that they can have the M&M. Toddlers were
scored on their ability to refrain from eating the M&M until the bell was rung for each trial on a
scale from 0 (child eats snack before the experimenter lifts the bell) to 4 (child waits until bell is
rung). Additionally, 20% of the videos at 18 months and 24 months were independently coded to
examine inter-rater reliability. Intra-class correlations indicated that inter-rater reliability at 18
months (ICC = .84) and 24 months (ICC = .97) was adequate (Fleiss & Cohen, 1973; McGraw &
Wong, 1996; Nunnally & Bernstein, 1994; Weir, 2005). Scores across trials 1 through 4 were
averaged, with higher scores reflecting greater inhibitory control.
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Psychopathology – Child Behavior Checklist

Mothers reported on their toddler’s level of psychopathology using the Child Behavior
Checklist (CBCL – 1.5-5; Achenbach, 1991; Achenbach & Rescorla, 2000) when toddlers were
30 months old. The CBCL is an empirically derived measure of children’s level of
psychopathology. The CBCL consists of 118 items scored on a 3-point scale from 0 (not true) to
2 (very true). Based on factor analytic work (Achenchbach, 1991; Achenbach & Rescorla, 2000),
the CBCL 1.5-5 produces two broad factor scales (internalizing problems and externalizing
problems) with seven underlying symptom scales (emotionally reactive, anxious/depressed,
somatic complaints, withdrawn, sleep problems, attention problems, and aggressive behavior).
The underlying subscales have shown adequate reliability as evidenced by moderate to high testrest reliability coefficients (r’s range from .68 to .92 over an 8-day period) and moderate crossinformant rating correlations (r’s range from .52 to .66).
With respect to validity, the raw scores on the underlying subscales have been reported as
significantly higher from parents of children referred for emotional/behavioral problems than
from parents of children without any such referral (Achenbach & Rescorla, 2000). Items that did
not produce such discrimination were excluded and replaced with other items that successfully
discriminated between children referred for emotional/behavioral problems and children without
such a referral. Evidence of construct validity was demonstrated through adequate convergent
validity – based on significant correlations (r’s > .47) between the CBCL 1.5 - 5 raw scores and
other similar rating inventories of behavior problems (e.g., Toddler Behavior Screening
Inventory; Mouton-Simien, McCain, & Kelley, 1997) – as well as adequate divergent validity –
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based on nonsignificant relations (r’s ranged from -.05 to -.16) between the CBCL 1.5 – 5 raw
scores and rating of concurrent cognitive functioning (e.g., Minnesota Child Development
Inventory [Ireton & Thwing, 1974]; Achenbach, 1991; Achenbach & Rescorla, 2000).
The internalizing problems scale is composed of four subscales: emotionally reactive,
anxious/depressed, somatic complaints, and withdrawn behavior. Two subscales,
anxious/depressed and withdrawn behavior, were used in the current study given that theoretical
links (e.g., Degnan & Fox, 2007; Nigg, 2006) are only drawn between the predictor variables
(i.e., BI and IC) and these specific facets of internalizing-related behavior (i.e., anxiety,
depression, withdrawal) – as opposed to all of the facets of internalizing-related behavior
measured by the CBCL (i.e., emotionally reactive, anxious/depressed, somatic complaints, and
withdrawn behavior). Prior research has demonstrated that the anxious/depressed and withdrawn
behavior subscales significantly load onto the same “internalizing” factor and such an
aggregation evidences similar levels of reliability and validity as the broad internalizing factor
reported in the original sample from Achenbach’s research (Koot, Van Den Oord, Verhulst, &
Boomsma, 1997).
In the present study, the raw scores from the anxious/depressed and withdrawn behavior
subscales were significantly correlated (r = .63, p < .001) and demonstrated adequate reliability
( = .71); therefore, these subscales were standardized and then averaged to create an
internalizing problems composite variable. The externalizing problems composite variable was
used in the current study and is composed of two subscales: attention problems and aggressive
behavior. The raw scores from the attention problems and aggressive behavior subscales
demonstrated adequate reliability ( = .65) and were significantly correlated (r = .65, p < .001).
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Additionally, t-scores of the component subscales (i.e., anxious/depressed, withdrawn, attention
problems, and aggressive behavior) can be computed based on the norms found in prior research
(i.e., Achenbach, 1991; Achenbach & Rescorla, 2000) in order to evaluate the clinical level of
reported psychopathology symptoms. Based on the CBCL norms, t-scores above 60 are
considered at-risk for mental health concerns while t-scores above 70 are considered clinically
elevated for mental health concerns. In the present study, the percentage of toddlers considered
at-risk across the four subscales was: the following: Anxious/Depressed = 1%, Withdrawn =
12.5%, Attention Problems = 9.2%, and Aggressive Behaviors = 15.8%. Regarding clinically
elevated scores, the percentage of toddlers considered in the clinically elevated range across the
four subscales was the following: Anxious/Depressed = 1%, Withdrawn = 1%, and Attention
Problems = 4.1%. No toddler was rated to be in the clinically elevated range with respect to the
Aggressive Behaviors subscale.

Covariates

Infant Sex

There is evidence of sex differences in the stability of BI such that boys tend to show
greater continuity in the lack of BI (i.e., tend to remain uninhibited) as well as greater
discontinuity in extreme levels of BI (i.e., extreme levels of BI are more likely to reduce) than
girls (e.g., Degnan & Fox, 2007; Zhengyan, Huichang, & Xinyin, 2003). In addition, there is also
evidence of sex differences in early temperament such that girls tend to show higher levels of
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effortful control than boys (Else-Quest, Hyde, Goldsmith, & Van Hulle, 2006). Based on this
evidence, infant sex was included as a covariate in the current study.

Daycare Status

Fox and colleagues have demonstrated that non-parental daycare of at least 10 hours or
more a week seems to influence the development of BI (Almas et al., 2011; Fox et al., 2001). In
the current study, mothers reported on children’s experiences with non-parental daycare when
their children were 12 months of age (i.e., “Has your infant attended any type of daycare
setting”). If a mother indicated that her child attends any type of non-parental daycare setting
(e.g., babysitter, relative, daycare, playgroup), she was asked to approximate how many days and
how many hours per day her child attends the non-parental daycare setting. Given that previous
research has found effects based on children being exposed to more than 10 hours per week in
non-parental daycare, the current study categorized children into one of two groups: exposed to
non-parental daycare with other children for more than 10 hours per week (coded as a 1) and not
exposed to non-parental daycare OR exposed to non-parental daycare less than 10 hours per
week (coded as a 0). Thirty-seven percent of the children in the current study were exposed to
more than 10 hours of non-parental daycare. Given that previous research has found nonmaternal daycare to affect the continuity of BI (Almas et al., 2011; Fox et al., 2001), daycare
status was included in the current study as a covariate.
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Negative Parenting

The Parenting Scale (Arnold, O’Leary, Wolff, & Acker, 1993) is a 30-item scale intended
to assess a parent’s endorsement of dysfunctional discipline practices, including laxness,
overreactivity, and verbosity. When children were approximately 18 months of age, mothers
rated these items on a scale ranging from 1 to 7, with higher scores reflecting more dysfunctional
parenting. Fourteen items are reverse coded. The average of the 30 items produces a total
negative parenting score, which demonstrated adequate reliability ( = .81). The total negative
parenting score was used as a covariate given negative parenting practices have been
demonstrated to influence the development of BI, IC, and psychopathology (e.g., Berg-Nielsen,
Vikan, & Dahl, 2002; Degnan & Fox, 2007; Valiente, Lemery-Chalfant, & Reiser, 2007).

Cumulative Risk

The presence of risk factors increases the likelihood of negative child outcomes,
especially when multiple risk factors are present as compared to individual risk factors
(Appleyard, Egeland, Dulmen, & Sroufe, 2005; Deater-Deckard, Dodge, Bates, & Pettit, 1998).
Prior research has revealed several risk factors, including maternal education (Jackson, BrooksGunn, Huang, & Glassman, 2000), teenage motherhood (Jaffee, Caspi, Moffitt, Belsky, & Silva,
2001), single parenthood (Brody & Flor, 1998), and household socioeconomic status (Duncan,
Brooks-Gunn, & Klebanov, 1994), that predict negative child outcomes. In addition, a wealth of
research has demonstrated the deleterious effects of maternal depression on children’s social-
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emotional development (e.g., Goodman et al., 2011). Therefore, the current study used a
cumulative risk variable based on the following risk factors: maternal education less than high
school, teen motherhood (i.e., maternal age 17-19 years), single parent status, an income-toneeds ratio equal to or less than one, and maternal depression. Demographic information
provided the presence or absence of four of the five risk factors. Observations from the
Structured Clinical Interview for DSM-IV Diagnoses (SCID-IV; First, Gibbon, Spitzer, &
Williams, 1996) were used to determine the presence or absence of a history of maternal
depression or a present diagnosis of maternal depression. The SCID-IV is a semi-structured
interview that was used to determine whether an individual endorses symptoms that meet criteria
for a diagnosis of current Major Depressive Disorder or the presence of a past Major Depressive
Episode. The cumulative risk factor was computed by summing the count totals for the presence
of each risk factor to form an index ranging from 0 (no risk factors present) to 5 (all risk factors
present).

Procedures

In the current study, data was collected at five separate time points. Eligible mothers
received a packet containing questionnaires and study information (e.g., consent) approximately
two weeks before the infant’s 4-month “birthday.” In addition, mothers participated in an
observational session in the laboratory. Data collected at this time point included demographic
information and psychiatric diagnostic status based on the SCID-IV (First et al., 1996). Mothers
were compensated $50 for participation in this data collection time point. Mothers reported on
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daycare status when infants were approximately 12 months old. Mothers were compensated $30
for participation in this data collection time point.
The third time point occurred when children were approximately 18 months of age.
Approximately two weeks before the toddler’s 18-month “birthday,” mothers were mailed a
packet of questionnaires, including the ECBQ and the Parenting Scale. Mothers and infants also
participated in an observational laboratory session wherein the Lab-TAB tasks of Stranger and
Snack Delay were conducted. Participants were compensated $40 for their participation at this
time point. The fourth time point occurred when toddlers were approximately 24 months of age
and consisted of nearly identical procedures and measurements as the 18-month time point.
Participants were compensated $40 for their participation at this time point. The fifth and final
time point occurred when children were about 30 months of age. Approximately two weeks
before the toddler’s 30-month “birthday,” mothers were mailed a packet of questionnaires,
including the CBCL. Participants were compensated $50 for their participation at this time point.

Data Analytic Plan – Structural Equation Modeling

An iterative analytic approach using structural equation modeling was executed to test the
current study’s hypotheses. Four separate structural models that built upon each other were
employed to sequentially test Hypotheses 1 through 5. For each of these structural models,
observed indicators were initially loaded onto respective latent constructs (i.e., 18- and 24-month
BI and IC). A single indicator for each latent construct was constrained for all structural models
in order to set the scale and allow for parameter estimation (e.g., Little, 2013). Additionally,
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covariates were included as variables with paths estimated between each covariate and the
endogenous variables included in the respective model. Hypothesis 6 was tested within each
model by examining model fit (see below).

Model Specification

Model specification is the first step of SEM wherein specific pathways are estimated in
addition to identifying whether parameters are fixed (i.e., set to zero and not estimated) or freed
(i.e., not constrained and therefore estimated). The four planned structural models were specified
in order to sequentially test Hypotheses 1 to 5. The first planned model included an 18-month BI
latent construct and a 24-month BI latent construct. At the respective time points, observed BI,
ECBQ fear, and ECBQ shyness were loaded onto the respective BI latent construct. An
autoregressive path (i.e., a construct predicting the same construct at a later time point; Little,
2013) was estimated between the 18-month BI latent construct and the 24-month latent construct.
The second planned model included an 18-month IC latent construct and a 24-month IC latent
construct. At the respective time points, snack delay and ECBQ IC were loaded onto the
respective IC latent construct.
In the third planned model, the same loadings onto respective BI latent constructs and IC
latent constructs were expected. A fully specified cross-lagged panel model included estimated
autoregressive paths between the two constructs (i.e., 18-month BI predicted 24-month BI and
18-month IC predicted 24-month IC), estimated cross-sectional relations (i.e., 18-month BI and
18-month IC correlated; 24-month BI and 24-month IC correlated), and estimated cross-lagged
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paths (i.e., 18-month BI predicted 24-month IC and 18-month IC predicted 24-month BI). In the
fourth planned model, 30-month externalizing problems and 30-month internalizing problems
were included as outcome variables within the fully specified cross-lagged panel model. Paths
predicting 30-month externalizing problems and 30-month internalizing problems from
constructs (i.e., BI and IC) at prior time points were estimated. See Figure 2 for a depiction of the
final planned structural model.

Model Estimation

Maximum likelihood estimation (MLE) was used to estimate the model parameters in the
present study, considering it is a commonly used, robust estimation method (Little, 2013;
Schermelleh-Engel, Moosbrugger, & Müller, 2003). This estimation method leads to estimated
parameters that maximize the likelihood that the observed covariance matrix can validly
represent a population-based, model-implied covariance matrix. The robustness of MLE as an
estimation method draws from its advantages over other estimation methods, such as weighted
least square, in producing scale-invariant estimates and scale-free estimates as well as enabling
statistical tests of the overall model fit (Schermelleh-Engel, Moosbrugger, & Müller, 2003).
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Assessment of Model Fit

The degree to which the specification of fixed and free parameter consists with the
variance and covariance matrices within the underlying data can be assessed through fit statistics
(Hoyle & Panter, 1995). Since one fit statistic is not enough to determine the appropriate
convergence of the estimated parameters with the observed parameters, multiple fit indices have
been developed to indicate the quality of fit of the specified model. In the present study, model
fit was evaluated, following the recommendations of Little (2013) and Hoyle and Panter (1995)
based on the scaled χ2 statistic, the Comparative Fit Index (CFI), the root mean square error of
approximation (RMSEA), and the standardized root mean square residual (SRMR).
The χ2 scaled statistic tests the lack of fit and is considered an absolute fit index. The χ2
tests whether the null hypothesis, the difference between the observed covariance matrix vectors
and the model-implied covariance matrix vectors equal to 0, can be rejected. A nonsignificant χ2
can indicate that the null hypothesis cannot be rejected and therefore implies that the observed
covariances and model-implied covariances are not significantly different. Since sample size
influences the significance of the χ2 test, additional indices (i.e., RMSEA, SRMR) were utilized.
The RMSEA and the SRMR provide information on the degree to which the observed covariance
matrix vectors differ from the model-implied covariance matrix vectors. The RMSEA compares
through the error of approximation, which represents the minimum fit function values required to
fit the specified model to the population covariance matrix, while the SRMR compares through
the standardized residual values. Both these estimates are considered goodness-of-fit indicators
and indicate adequate fit if their value is equal to or below 0.08 (Little, 2013; Hoyle & Panter,
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1995). The χ , RMSEA, and SRMR are often influenced by non-normality; therefore, adjusted
2

indices have been computed to account for this bias (Satorra & Bentler, 1994). Finally, the CFI is
considered an incremental fit index that provides an idea of the reduction in lack of fit by
comparing the fit of the specified model to that of a bad-fitting model (i.e., error variances fixed
to 0 and variables uncorrelated). The CFI is reported from a range from 0.00 to 1.0, with values
above 0.90 considered to be reflecting adequate model fit (Little, 2013).

Model Modification

Model modification refers to adjusting a specified model by: (1) estimating additional
paths in the model, (2) deleting estimated paths in the model, (3) adding observed or latent
variables, or (4) deleting observed or latent variables. Model modification was utilized in the
present study when fit indices suggested that the estimated model fit was poor. Model
modification involved deleting covariates that did not exhibit significant zero-order correlations
with variables included in the respective models, and then the fit of the resulting model was
analyzed. For example, cumulative risk and daycare status were excluded from the first planned
structural model because these variables did not exhibit significant zero-order correlations with
any BI indicator variables. Additionally, inspection of the indicator loadings onto the respective
latent constructs was utilized to identify whether measurement properties potentially influenced
the overall model fit.

CHAPTER 3

RESULTS

Preliminary Data Analysis

Descriptive Statistics and Variable Transformations

Variables were initially inspected with respect to their degree of normality based on
descriptive statistics (i.e., skewness, kurtosis). Variables that exhibited significant non-normality
(e.g., skewness divided by the standard error of skew > 2.0) were square-root transformed to
reduce non-normality. Descriptive statistics are presented in Table 3 along with the identification
of transformed variables. Variables were standardized and then visually inspected for outliers.
Thirteen cases of univariate outliers (|z-score| > 2.50) within single variables were truncated to
the closest value in the distribution for the respective variable (Tabachnick & Fidell, 2011).
Additionally, multivariate non-normality can influence the estimation of model parameters and
ultimately bias the model estimation process. Multivariate normality was inspected by examining
each variable’s Mahalanobis distance, which is considered a marker of multivariate nonnormality. All of the Mahalanobis distance values were within a nonsignificant range
(Mahalanobis distance’s < 28.87, p > .05).
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Table 3
Descriptive Statistics
Variables pre-transformation

Mean

Standard

Skewness

Deviation

Standard
Error

Negative Parenting^

2.59

0.58

0.43

0.23

Cumulative Risk^

0.86

0.95

0.89

0.19

18 month Behavioral Inhibition^

0.54

0.31

1.43

0.23

18 month ECBQ Fear^

2.39

0.80

0.63

0.24

18 month ECBQ Shyness

3.46

0.90

-0.02

0.24

24 month Behavioral Inhibition^

0.49

0.28

0.99

0.25

24 month ECBQ Fear

2.52

0.77

0.10

0.24

24 month ECBQ Shyness

3.50

0.91

0.22

0.24

18 month Snack Delay^

0.98

1.20

1.35

0.25

18 month ECBQ Inhibitory Control

3.27

0.83

0.16

0.24

24 month Snack Delay

2.30

1.55

-0.22

0.24

24 month ECBQ Inhibitory Control^

3.60

1.01

0.74

0.24

30 month Internalizing Problems^

0.00

0.90

1.30

0.25

30 month Externalizing Problems

12.86

8.03

0.00

0.25

(Continued on following page)
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Table 3. Continued
Variables post-transformation

Mean

Standard

Skewness

Deviation

Standard
Error

Negative Parenting

1.60

0.18

0.15

0.23

Cumulative Risk

0.32

0.33

0.55

0.19

18 month Behavioral Inhibition

0.71

0.20

0.42

0.23

18 month ECBQ Fear

1.53

0.26

0.30

0.24

24 month Behavioral Inhibition

0.67

0.21

-0.03

0.25

18 month Snack Delay

1.34

0.39

1.01

0.23

24 month ECBQ Inhibitory Control

1.88

0.26

0.29

0.24

30 month Internalizing Problems

-0.11

0.46

0.22

0.24

^ Variable was transformed using a square-root transformation.
Note: 30-month Internalizing Problems was computed based on z-scored subscales.
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Missing Data

Missing data occurred throughout the longitudinal study with 19.41% missing at 12
months, 31.18% missing at 18 months, 35.88% missing at 24 months, and 37.06% missing at 30
months. Little’s MCAR test was run and led to a nonsignificant finding (Little’s MCAR 2(328)
= 309.54, p = .76). A nonsignificant finding indicates that missing data appear to occur
completely at random (i.e., MCAR). Based on this MCAR finding, data analyses were run
through EQS version 6.1 SEM software (Bentler & Wu, 2005) using full information maximum
likelihood estimation, which is considered a robust method for estimating missing data (Little,
2013; Tabachnick & Fidell, 2011).

Zero-Order Correlations

Zero-order bivariate correlations among study variables were examined (see Table 4).
Regarding covariates, boys had significantly higher levels of 18-month ECBQ shyness, r = -.27,
p < .01, and 18-month ECBQ IC, r = -.22, p < .01, while also having marginally higher levels of
24-month ECBQ shyness, r = -.18, p < .10, and 24-month ECBQ IC, r = -.19, p < .10. Exposure
to 10 or more hours of daycare was significantly associated with less cumulative risk, r = -.19, p
< .05. Negative parenting was significantly, positively related to 18-month, r = .29, p < .01, and
24-month ECBQ fear, r = .28, p < .01, while also being significantly, inversely related to 18month, r = -.25, p < .01, and 24-month ECBQ IC, r = -.36, p < .01. Cumulative risk was
marginally, inversely associated with 18-month snack delay, r = -.18, p < .01.

Table 4
Intercorrelations Among Study Variables

Note: Infant Sex was coded such that 1 = Male, 2 = Female. ^ p < .10, * p < .05, ** p < .01.
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With respect to intercorrelations among BI-related variables, at 18 months, observed BI
was significantly, positively associated with ECBQ shyness, r = .22, p < .05, but not ECBQ fear,
while ECBQ fear was significantly, positively associated with ECBQ shyness, r = .25, p < .05.
At 24 months, observed BI was significantly, positively associated ECBQ shyness, r = .26,
p < .05, but not ECBQ fear. ECBQ fear was marginally, positively associated with ECBQ
shyness at 24 months, r = .18, p < 10.
At 18 months, snack delay was not significantly associated with ECBQ IC. At 24 months,
snack delay was significantly, positively associated with ECBQ IC, r = .23, p < .05.
Regarding the continuity of construct-related variables, 18-month observed BI did not
demonstrate significant relations with 24-month observed BI, 24-month ECBQ fear, or 24-month
ECBQ shyness. A significant, positive relation was observed between 18-month ECBQ fear and
24-month ECBQ fear, r = .60, p < .01, while a marginal, positive association between 18-month
ECBQ fear and 24-month ECBQ shyness occurred, r = .20, p < .10. A significant relation
between 18-month ECBQ fear and 24-month BI did not emerge. A significant association
between 18-month ECBQ shyness and 24-month ECBQ shyness was observed, r = .47, p < .01;
however, 18-month ECBQ shyness was not related to 24-month observed BI or ECBQ fear. A
significant relation between 18-month and 24-month snack delay was observed, r = .27, p < .05;
however, 18-month snack delay was not related to 24-month ECBQ IC. A significant relation
between 18-month and 24-month ECBQ IC was observed, r = .60, p < .01. Additionally, 18month ECBQ IC was significantly, positively related to 24-month snack delay, r = .22, p < .05.
The potential for methodological bias to influence the relations among variables was
examined by inspecting relations between variables measured with the same approach but
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considered theoretically distinct (e.g., 18-month ECBQ shyness and 18-month ECBQ IC). A
marginally significant, albeit inverse, relation between 18-month ECBQ shyness and 24-month
ECBQ IC emerged, r = -.19, p < .10. No other significant associations emerged.
Regarding outcome variables, 30-month internalizing problems was only significantly,
positively associated with 24-month ECBQ shyness, r = .36, p < .01. Significant, inverse
relations were observed between 30-month externalizing problems and 18-month, r = -.36,
p < .01, and 24-month ECBQ IC, r = -.33, p < .01. A significant, positive relation between 30month internalizing problems and 30-month externalizing problems was observed, r = .49,
p < .01.

Primary Analyses

Hypothesis 1 – Continuity of BI

In the first structural model, 18-month observed BI, ECBQ fear, and ECBQ shyness were
loaded onto an 18-month BI latent factor while 24-month observed BI, ECBQ fear, and ECBQ
shyness were loaded onto a 24-month BI latent factor. The ECBQ shyness indicator variables
were fixed to 1.0. An autoregressive path was estimated between the 18-month BI latent
construct and the 24-month BI latent construct. All pathways predicting the BI latent constructs
from covariates were estimated. Fit indices were poor for this model, 2(34) = 80.51, p < .01, CFI
= 0.00, RMSEA = 0.15, and SRMR = 0.11. Considering the lack of model fit, covariates without
significant zero-order correlations with indicator variables (i.e., cumulative risk and daycare
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status) were excluded to potentially enhance model fit. Fit indices remained poor for this model,
2(21) = 64.01, p < .001, CFI = 0.00, RMSEA = 0.19, and SRMR = 0.13.
Inspection of factor loadings indicated that observed indicators did not significantly load
onto the BI latent factor at both 18 months and 24 months. At 18 months, observed BI
marginally loaded on to the BI latent construct; ECBQ fear and ECBQ shyness did not. Observed
BI and ECBQ shyness significantly loaded on to the BI latent factor at 24 months while ECBQ
fear marginally loaded onto the 24-month BI latent factor. Two additional models were run while
freeing ECBQ shyness and fixing the other indicator variables to 1.0 (i.e., 18- and 24-month
ECBQ fear fixed in one model; 18- and 24-month observed BI fixed in a second model);
however, these models also produced poor fit indices (significant 2s, CFIs < .90, RMSEAs >
.08, and SRMRs > .08).

Hypothesis 1 – Continuity of BI – Post-hoc Analyses

Considering the initial model exhibited poor fit, post-hoc analyses were conducted to
further examine the continuity of BI. Another structural model was specified by replicating the
initial structural model, including all covariate paths, with the exception of ECBQ fear. ECBQ
fear was excluded because it did not consistently demonstrate significant zero-order correlations
with observed BI and ECBQ shyness across 18 months and 24 months, whereas observed BI and
ECBQ shyness were significantly associated at both 18 months and 24 months. The ECBQ
shyness indicator variables were fixed to 1.0. Fit indices for this model were poor, including the
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CFI at 0.47 and the RMSEA at 0.09; however, the chi-square goodness of fit test,  (28) = 19.82,
2

p = .28, and the SRMR at 0.07 indicated adequate fit.
Considering the lack of model fit, covariates without significant zero-order correlations
with indicator variables (i.e., cumulative risk, daycare status, and negative parenting) were
excluded to potentially enhance model fit. Fit indices were adequate for this model, 2(5) = 3.04,
p = .70, the CFI at .94, the RMSEA at .06, and the SRMR at 0.04. At 18 months, observed BI
and ECBQ shyness significantly loaded (p’s < .05) onto the 18-month BI latent construct. At 24
months, observed BI and ECBQ shyness significantly loaded (p’s < .05) onto the 24-month BI
latent construct. Regarding estimated covariate pathways, infant sex marginally predicted the 18month BI latent factor (b* = -0.27, z = -1.86, p = .06), with boys having greater BI. Infant sex did
not predict the 24-month BI latent factor (b* = -0.09, z = -0.81, p = .42). Additionally, the 18month BI latent factor was marginally, positively associated with the 24-month BI latent factor
(b* = 0.45, z = 1.75, p = .08). The final model that produced adequate fit while testing the
continuity of BI (i.e., Hypothesis 1) is depicted in Figure 3.

Hypothesis 2 – Continuity of IC

A structural model was estimated with 18-month snack delay and ECBQ IC loading onto
an 18-month IC latent factor and 24-month snack delay and ECBQ IC loading on to a 24-month
IC latent factor. The ECBQ IC indicator variables were fixed to 1.0. An autoregressive path was
estimated between the 18 month IC latent construct and the 24 month IC latent construct. All
pathways predicting the IC latent constructs from covariates were estimated. A few fit indices
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were poor for this model, including the CFI at 0.66 and the RMSEA at .09; however, the chisquare goodness of fit test, 2(17) = 21.26, p = .22, and the SRMR at 0.08 indicated adequate fit.
Considering the lack of model fit, covariates without significant zero-order correlations with
indicator variables (i.e., cumulative risk and daycare status) were excluded to potentially enhance
model fit. Several fit indices remained adequate for this model, 2(8) = 10.23, p = .25 and the

Figure 3
Structural Model with Adequate Fit Testing BI Continuity (H1)
Note: ^ p < .10, * p < .05, ** p < .01
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SRMR at 0.07; however, the CFI at 0.81 and the RMSEA at 0.11 indicated poor fit. Inspection of
factor loadings indicated that observed indicators did not significantly load onto the IC latent
factor at 18 months. At 24 months, ECBQ IC and snack delay significantly loaded onto the IC
latent construct.
Hypothesis 2 – Continuity of IC – Post-hoc Analyses

Considering the lack of adequate model fit, post-hoc path analyses were conducted. The
first path analysis examined whether 18-month snack delay predicted 24month snack delay while
including all covariates (i.e., daycare status, infant sex, cumulative risk, and negative parenting).
A few fit indices were adequate for this model, 2(6) = 7.91, p = .25, the RMSEA at 0.08, and
the SRMR at 0.06; however, the CFI indicated poor fit at 0.23. A follow-up path analysis was
conducted excluding covariates without significant relations with snack delay (i.e., daycare
status, infant sex, and negative parenting). All model fit indices were adequate in this model, 2(1) = 0.68, p = .41, the CFI at 0.97, the RMSEA at 0.04, and the SRMR at 0.03. Cumulative risk
marginally, inversely predicted 18-month snack delay (b* = -0.21, z = -1.88, p = .06). A
significant, positive relation between 18-month snack delay and 24-month snack delay occurred
(b* = 0.27, z = 2.81, p < .01). The snack delay final model that produced adequate fit while
testing the continuity of IC (i.e., Hypothesis 2) is depicted in Figure 4.
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Figure 4
Snack Delay Path Analysis with Adequate Fit Testing IC Continuity (H2)
Note: Covariate pathways depicted in gray. ^ p < .10, * p < .05, ** p < .01
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The second path analysis examined whether 18-month ECBQ IC predicted 24-month
ECBQ IC while including all covariates. A few fit indices were adequate for this model, 2(6) =
8.48, p = .21, the RMSEA at 0.08 and the SRMR at 0.06; however, the CFI at 0.88 indicated
poor fit. A follow-up path analysis was conducted excluding covariates without significant
relations with ECBQ IC variables (i.e., daycare status and cumulative risk). Fit indices were
adequate for this model, 2(1) = 1.49, p = .22, the CFI at 0.98, the RMSEA at 0.05, and the
SRMR at 0.04. Infant sex predicted 18-month ECBQ IC (b* = -0.20, z = -2.15, p < .05), but not
24-month ECBQ IC (b* = -0.08, z = -0.95, p = .34), with boys having greater IC. Negative
parenting significantly, inversely predicted 18-month ECBQ IC (b* = -0.23, z = -2.35, p < .05)
and 24-month ECBQ IC (b* = -0.19, z = -2.19, p < .05). A significant, positive relation between
18-month ECBQ IC and 24-month ECBQ IC was observed (b* = 0.53, z = 6.18, p < .001). The
ECBQ IC final model that produced adequate fit while testing the continuity of IC (i.e.,
Hypothesis 2) is depicted in Figure 5.

Hypothesis 3 – Cross-Lagged Panel Predicting IC

Based on the lack of adequate fit in the structural model testing autoregressive relations
between the 18-month IC latent construct and the 24-month IC latent construct, two analyses
were conducted by including the respective IC variables (i.e., snack delay and ECBQ IC) in
separate analyses. The 18-month and 24-month BI latent constructs were included using

68
observed BI and ECBQ shyness as indicators, considering these indicators had significantly
loaded onto the BI latent constructs in a model with adequate fit indices. Cross-sectional

Figure 5
ECBQ IC Path Analysis with Adequate Fit Testing IC Continuity (H2)

Note: Covariate pathways depicted in gray. ^ p < .10, * p < .05, ** p < .01
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bidirectional pathways between the BI latent construct and the respective IC variable (i.e., snack
delay or ECBQ IC) were estimated between 18 months and 24 months.
In the first structural analysis, while including all covariates, model fit was poor, 2(21) =
49.41, p < .001, the CFI at 0.00, the RMSEA at 0.14, and the SRMR at 0.09. A follow-up
analysis was conducted while excluding covariates that did not demonstrate significant zeroorder relations with observed variables in this model (i.e., daycare status and negative parenting).
A few fit indices indicated adequate fit, 2(12) = 9.77, p = .64, the RMSEA at 0.06, and the
SRMR at .05; however, the CFI at 0.84 indicated poor fit. Infant sex did not significantly predict
the 18-month BI latent construct (b* = -0.27, z = -1.60, p = .11), the 24-month BI latent
construct (b* = -0.09, z = -0.69, p = .49), 18-month snack delay (b* = -0.13, z = -1.31, p = .19),
or 24-month snack delay (b* = -0.02, z = -0.21, p = .83). Cumulative risk was marginally,
inversely related to 18-month snack delay (b* = -0.20, z = -1.83, p = .07), but not 24-month
snack delay (b* = -0.06, z = -0.58, p = .56). Cumulative risk did not significantly predict the 18month BI latent construct (b* = -0.03, z = -0.31, p = .76) or the 24-month BI latent construct (b*
= 0.07, z = 0.57, p = .57). A significant, positive relation was observed between 18-month snack
delay and 24-month snack delay (b* = 0.27, z = 3.13, p < .01). Nonsignificant cross-lagged paths
occurred between the 18-month BI latent construct and 24-month snack delay (b* = 0.14,
z = 1.07, p = .29) and between 18-month snack delay and the 24-month BI latent construct (b* =
0.04, z = 0.28, p = .78). The snack delay final model that produced a few indices with adequate
fit while testing the cross-lagged relations between BI and IC (i.e., Hypothesis 3) is depicted in
Figure 6.
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Figure 6
Testing Cross-lagged Relations Between BI and IC Using Snack Delay (H3)
Note: Covariate pathways depicted in gray. ^ p < .10, * p < .05, ** p < .01
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In the second structural analysis, cross-lagged relations between 18- and 24-month BI
latent constructs and ECBQ IC were estimated along with all covariates. A few model fit indices
indicated adequate fit, 2(21) = 26.23, p = .20 and the SRMR at 0.06; however, the CFI at 0.71
and the RMSEA at 0.10 indicated poor fit. A follow-up analysis was conducted while excluding
covariates that did not demonstrate significant zero-order relations with observed variables in
this model (i.e., daycare status and cumulative risk). A few fit indices indicated adequate fit, 2(12) = 12.99, p = .37, the RMSEA at 0.02, and the SRMR at 0.05; however the CFI at 0.85
indicated poor fit. Infant sex significantly predicted 18-month ECBQ IC (b* = -0.20, z = -2.27,
p < .05), with boys having higher IC. Infant sex also significantly predicted the 18-month BI
latent construct (b* = -0.28, z = -2.90, p < .01), with boys having higher BI. Infant sex was not
significantly related to 24-month ECBQ IC (b* = -0.11, z = -1.21, p = .23) or the 24-month BI
latent construct (b* = -0.08, z = -0.72, p = .47). Negative parenting was not significantly related
to the 18-month BI latent construct (b* = 0.03, z = 0.32, p = .75) or the 24-month BI latent
construct (b* = 0.13, z = 1.35, p = .18); however, negative parenting significantly, inversely
predicted 18-month ECBQ IC (b* = -0.22, z = -2.27, p < .05) and marginally, inversely predicted
24-month ECBQ IC (b* = -0.18, z = -1.74, p = .08). A significant, positive relation between 18month and 24-month ECBQ IC occurred (b* = 0.53, z = 6.14, p < .001). A marginal, positive
cross-lagged relation between 18-month ECBQ IC and the 24-month BI latent construct occurred
(b* = 0.18, z = 1.94, p = .05) while a marginal, inverse cross-lagged relation between the 18month BI latent and 24-month ECBQ IC occurred (b* = -0.17, z = -1.76, p = .08). The ECBQ IC
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final model that produced a few indices with adequate fit while testing the cross-lagged relations
between BI and IC (i.e., Hypothesis 3) is depicted in Figure 7.

Figure 7
Testing Cross-lagged Relations Between BI and IC Using ECBQ IC (H3)
Note: Covariate pathways depicted in gray. ^ p < .10, * p < .05, ** p < .01
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Hypotheses 4 and 5 – Predicting Psychopathology

The two separate structural models tested when examining Hypothesis 3 were retained to
test Hypotheses 4 and 5. For both analyses testing Hypotheses 4 and 5, 30-month externalizing
problems and internalizing problems, were included as observed variables. Cross-lagged paths
between the 18-month and 24-month BI latent constructs, the respective 18-month and 24-month
IC variables (i.e., snack delay or ECBQ IC), and the 30-month externalizing problems and 30month internalizing problems were estimated. Additionally, a cross-sectional bidirectional
relation was estimated between 30-month externalizing problems and 30-month internalizing
problems.
In the first structural analysis, cross-lagged relations between 18- and 24-month BI latent
constructs, 18- and 24-month snack delay, and 30-month externalizing problems and
internalizing problems were estimated along with all covariates. A few indices indicated that
model fit was adequate, 2(29) = 30.89, p = .37, the RMSEA at 0.02, and the SRMR at 0.06;
however, the CFI at 0.59 indicated poor fit. A follow-up analysis was conducted while excluding
covariates that did not demonstrate significant zero-order relations with observed variables in
this model (i.e., daycare status and negative parenting). A few fit indices indicated adequate fit,
2(20) = 17.23, p = .64, the RMSEA at 0.07, and the SRMR at .05; however, the CFI at 0.82
indicated poor fit. Cumulative risk marginally, inversely predicted 18-month snack delay
(b* = -0.20, z = 1.84, p = .07). No other covariate pathways were significant (p’s > .10). A
significant, positive relation between 18-month snack delay and 24-month snack delay occurred
(b* = 0.27, z = 3.04, p = .05). Nonsignificant cross-lagged paths occurred between the 18-month
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BI latent construct and 24-month snack delay (b* = 0.14, z = 1.09, p = .28) and between 18month snack delay and the 24-month BI latent construct (b* = 0.04, z = 0.28, p = .78).
Additionally, 24-month snack delay was not related to 30-month internalizing problems
(b* = -0.03, z = -0.30, p = .76) but was marginally, inversely associated with 30-month
externalizing problems (b* = -0.19, z = -1.87, p = .06). The 24-month BI latent construct was
significantly, positively associated with 30-month internalizing problems (b* = 0.36, z = 2.38,
p < .05) but was not significantly related to 30-month externalizing problems (b* = 0.16,
z = 1.36, p = .17). Finally, 30-month externalizing problems and internalizing problems were
significantly, positively associated (r = 0.47, z = 4.45, p < .001). The snack delay final model
that produced a few indices with adequate fit while testing the cross-lagged relations between BI
and IC and predicting psychopathology (i.e., Hypotheses 4 and 5) is depicted in Figure 8.
In the second structural analysis, cross-lagged paths between 18- and 24-month BI latent
constructs, 18- and 24-month ECBQ IC, and 30-month externalizing problems and internalizing
problems were estimated along with all covariates. Model indices indicated poor fit, 2(29) =
65.74, p < .001, the CFI at 0.37, the RMSEA at 0.09, and the SRMR at 0.09. A follow-up
analysis was conducted while excluding covariates that did not demonstrate significant zeroorder relations with observed variables in this model (i.e., daycare status and cumulative risk). A
few fit indices indicated adequate fit, 2(20) = 24.64, p = .22, the RMSEA at 0.04, and the SRMR
at 0.06; however, the CFI at 0.78 indicated poor fit. Infant sex significantly predicted 18-month
ECBQ IC (b* = -0.20, z = -2.25, p < .05), with boys having greater IC. Infant sex also
marginally predicted the 18-month BI latent construct (b* = -0.28, z = -1.76, p = .08), with boys

Figure 8
Testing Cross-Lagged Relations Between BI and IC Using Snack Delay and Predicting Psychopathology
Note: Covariate pathways depicted in gray. ^ p < .10, * p < .05, ** p < .01
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having greater BI. Negative parenting significantly, inversely predicted 18-month ECBQ IC
(b* = -0.22, z = -2.28, p < .05) and marginally, inversely predicted 24-month ECBQ IC
(b* = -0.18, z = -1.72, p = .09). No other covariate pathways were significant (p’s > .10). A
significant, positive relation between 18-month ECBQ IC and 24-month ECBQ IC occurred (b*
= 0.53, z = 6.17, p < .001). A marginal, positive relation between the 18-month BI latent
construct and the 24-month BI latent construct occurred (b* = 0.46, z = 1.71, p = .09).
Nonsignificant cross-lagged paths occurred between the 18-month BI latent construct and 24month ECBQ IC (b* = -0.16, z = -1.59, p = .11) and between 18-month ECBQ IC and the 24month BI latent construct (b* = 0.05, z = 1.63, p = .10). A significant, inverse relation between
24-month ECBQ IC and 30-month externalizing problems occurred (b* = -0.31, z = -2.45,
p < .05), but 24-month ECBQ IC did not predict 30-month internalizing problems (b* = 0.01,
z = 0.11, p = .91). A significant, positive relation between the 24-month BI latent construct and
30-month internalizing problems occurred (b* = 0.37, z = 2.80, p < .01); however, the 24-month
BI latent construct did not predict 30-month externalizing problems (b* = 0.05, z = 0.41,
p = .68). Finally, 30-month internalizing problems and 30-month externalizing problems were
significantly, positively associated (r = 0.51, z = 4.91, p < .001). The ECBQ IC final model that
produced a few indices with adequate fit while testing the cross-lagged relations between BI and
IC and predicting psychopathology (i.e., Hypotheses 4 and 5) is depicted in Figure 9.

Figure 9
Testing Cross-Lagged Relations Between BI and IC Using ECBQ IC and Predicting Psychopathology
Note: Covariate pathways depicted in gray. ^ p < .10, * p < .05, ** p < .01
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CHAPTER 4

DISCUSSION

The present study examined the longitudinal relationships between BI and IC during
early toddlerhood (i.e., between 18 and 24 months). Additionally, cross-lagged relations between
BI and IC were tested to examine whether BI facilitates the development of IC. Prior research
has found evidence of such developmental interplay; however, this prior research predicted
toddlers’ IC at 45 months, which is older than the typical time period when IC emerges (Aksan
& Kochanska, 2004). The present study sought to extend upon this literature by examining
whether BI seems to influence the development of IC during its emergence within the 18- and
24-month time period. Additionally, prior research solely relied on behavioral data, whereas the
present study utilized multiple methods (i.e., observation and maternal report) to test the crosslagged relations between behavioral inhibition and inhibitory control. Finally, the present study
examined whether these temperament characteristics uniquely predicted psychopathology. Prior
research often finds that these BI and IC significantly predict externalizing problems and
internalizing problems when BI and IC are independently examined (e.g., Clauss & Blackford,
2012; Degnan & Fox, 2007; Eisenberg et al., 2009; Hirshfeld-Becker et al., 2003; Murray &
Kochanska, 2002; Shaw et al., 2003). The current study sought to elucidate whether these similar
patterns of associations with subsequent psychopathology occur due to (a) conceptual overlap
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between BI and IC or (b) that each construct accounts for unique variance while controlling for
associations between BI and IC as well as between externalizing problems and internalizing
problems.
Across these two main purposes of the current study, five key hypotheses were
formulated. The first two hypotheses expected to find significant continuity (i.e., significant
autoregressive effects) within BI and IC between 18 months and 24 months. Findings partially
supported these hypotheses, although evidence also suggested that the underlying factorial
structure of these constructs may significantly vary between 18 months and 24 months. The third
hypothesis proposed that BI would significantly predict subsequent IC while controlling for prior
IC; however, this hypothesis was unsupported by the findings in the present study. The final two
hypotheses expected that unique relations between these temperament characteristics and
subsequent psychopathology would form with BI predicting internalizing problems and IC
predicting externalizing problems. Findings partially supported these hypotheses due to
observing significant relations between BI and internalizing problems as well as between IC and
externalizing problems; however, the model indices failed to uniformly indicate that the
specified models adequately fit the observed data. Interpretations of these findings, along with
explanations for the lack of significant findings, will be discussed below. Additionally,
limitations and implications of the present study’s findings will be discussed.
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Continuity of Behavioral Inhibition

As mentioned above, the findings partially supported the hypothesis that measures of 18month BI would be significantly, positively associated with measures of 24-month BI. In the
final structural model that demonstrated adequate fit to the observed data, a marginal, positive
association between the 18-month BI latent construct and the 24-month BI latent construct was
observed. Additionally, both the ECBQ fear and the ECBQ shyness subscales demonstrated
significant, positive autoregressive zero-order correlations from 18 months to 24 months (i.e.,
r’s = .60 and .47, respectively). Taken together, these findings modestly converge with prior
research demonstrating rank-order stability estimates that were in the low to moderate range (i.e.,
r’s < .30) when examined during toddlerhood to early childhood (i.e., ages 2 – 4 years; Rubin,
Burgess, & Hastings, 2002; Zhengyan, Huichang, & Xinyin, 2003).
Although evidence partially supported significant rank-order stability of BI between 18
months and 24 months, several nonsignificant findings necessitate further clarity regarding the
structural continuity of BI and the degree of its stability during this time period. With respect to
the former point, the current study initially attempted to specify a theoretically derived model
wherein reported fear and shyness in addition to observed BI were loaded onto a latent construct
intended to reflect overall BI. This initial structural model failed to adequately fit the observed
data. ECBQ fear did not significantly load onto the BI latent construct at 18 or 24 months and
also failed to demonstrate significant, cross-sectional associations with reported shyness at 24
months or observed BI at either 18 or 24 months. In contrast, cross-sectional associations
between observed BI and reported shyness were significant at both 18 and 24 months. Excluding
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reported fearfulness in subsequent models improved model fit while observed BI and reported
shyness significantly loaded onto the respective 18- and 24-month BI latent constructs. These
findings may suggest that fearfulness and shyness are distinct constructs during the early toddler
time period, although a significant amount of prior research has conceptualized fearfulness and
shyness as constructs within the larger nomological net of BI (e.g., Brooker & Buss, 2014;
Degnan et al., 2008; Kagan, Reznick, & Snidman, 1987; Putnam, Gartstein, & Rothbart, 2006).
As such, it is important that future research investigate the fine-grained factorial structure
underlying BI utilizing multiple measurement approaches (e.g., physiological, behavioral, reportbased) within the early toddlerhood time period to further evaluate whether fearfulness and
shyness are distinct constructs before 24 months of age.

Continuity of Inhibitory Control

Similar to BI, findings in the current study partially supported the hypothesis that
measures of 18-month IC would be significantly, positively associated with measures of 24month IC. The initial structural model including both reported measures and performance-based
measures failed to adequately fit the observed data. Both report and performance-based measures
of IC did not significantly load onto an IC latent factor when toddlers were 18 months of age. It
is possible that these findings may be consistent with heterotypic continuity (i.e., different
behavioral expressions influenced by the same underlying trait across development; Putnam
Rothbart, & Gartstein, 2008) within IC (see Petersen et al., 2016, for a review). Heterotypic
continuity in IC may be apparent, considering evidence suggests that IC undergoes significant
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development within the 18-month to 24-month developmental period (Putnam, Gartstein, &
Rothbart, 2006; Spinrad, Eisenberg, & Gaertner, 2007) and both report and performance-based
indicators significantly loaded onto an IC latent factor at 24 months in the present study.
It is notable that prior research selectively utilized measurement methods while
examining the stability of IC during the 18-month to 24-month time period. Specifically, Putnam
and colleagues (2006) only used report-based measurements when they found evidence of
stability, including significant correlations and consistent factor loadings, in IC during this
period. In contrast, Spinrad and colleagues (2007) solely used a performance-based measure (i.e.,
the Snack Delay task) while finding evidence that IC emerges between 18 months and 30
months. Taken together with the current findings, it seems likely that the time window between
18 months and 24 months is an optimal period wherein the emergence of IC occurs.
Additionally, both methodological approaches examined at 24 months demonstrated theoretically
consistent, inverse associations with 30-month externalizing problems, which provides evidence
of criterion validity for both methodological approaches. As such, it is important that future
research investigate the potential for heterotypic continuity in IC utilizing multiple measurement
approaches (e.g., physiological, behavioral, report based) occurring between 18 and 24 months
of age.

Developmental Interplay Between Behavioral Inhibition and Inhibitory Control

A main purpose of the current study was to examine the cross-lagged relations between
BI and IC from 18 months to 24 months of age. Cross-lagged effects were examined in order to
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test the potential influence of one construct on the other at a later time point; specifically, BI was
hypothesized to influence the development of IC. This hypothesis was formulated on the basis
that prior research has found BI to be indirectly associated with subsequent IC through
processing speed within the time frame of 22 months to 45 months of age (Aksan & Kochanska,
2004). However, the findings in the current study did not support this hypothesis. Across two
structural models relying on either report-based or performance-based measures of IC, 18-month
BI did not significantly predict 24-month IC.
There are several explanations for the lack of a significant cross-lagged relation between
18-month BI and 24-month IC. One explanation could be the time period examined in the current
study. The current study expected a cross-lagged relation to occur during this time period since
there appears to be more development in IC than in later developmental periods (Bridgett et al.,
2015; Kochanska, Coy, & Murray, 2001; Kochanska et al., 2000; Li-Grining, 2007) and prior
research had observed BI to predict IC later in development (i.e., 24 months to 45 months; Aksan
& Kochanska, 2004). However, it is possible that BI becomes more influential on the
development of IC outside of the time period within which it emerges. In support of the latter
explanation, there is limited evidence finding significant predictors of IC measured prior to 24
months of age, with the exception of focused attention as significant predictor (Hendry, Jones, &
Charman, 2016), whereas a greater amount of evidence finds significant predictors of IC
measured after 24 months of age (Hendry, Jones, & Charman, 2016; Li-Grining, 2007).
An additional explanation could be that an effect does not actually exist and that prior
research conducted by Aksan and Kochanska (2004) observed a spurious effect. In line with this
notion is a nonsignificant finding examining BI predicting effortful control during a time period
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similar to that as observed in the current study (Spinrad et al., 2007). Another possibility for
explaining the current nonsignificant finding in the context of a prior significant finding is that
the current study utilized a fully specified cross-lagged panel design by measuring BI and IC at
both time points, whereas Aksan and Kochanska (2004) only measured IC at the distal time
point. The inability to control for the continuity of IC may have allowed for shared
characteristics of BI and IC (i.e., inhibited behavior) to account for significant variance and
therefore a significant effect might have occurred. As such, BI may not predict IC above and
beyond the continuity of IC; rather, the shared characteristics between BI and IC potentially
enabled prior findings to occur because the continuity of IC was not considered. Such an
explanation would be consistent with the nonsignificant cross-lagged relation between BI and IC
while controlling for autoregressive relations for each construct.
An additional limitation of Aksan and Kochanska’s (2004) study that may have
spuriously led to a significant result was the sole utilization of behavioral measurement
approaches. Aksan and Kochanska (2004) only used behavioral tasks to measure BI (i.e., Masks
and Risk Room) and IC (i.e., Snack Delay), which may have been limited in scope and therefore
unable to completely reflect the total variability underlying the constructs of BI and IC.
Additionally, confounding variables that are uniquely linked to both behavioral tasks, such as
such as compliance-related behaviors (e.g., Kochanska, 2002; Kochanska, Aksan, & Koenig,
1995), may account for observed links between BI and IC. In particular, the Snack Delay task
may be viewed as requesting compliance wherein participants are given “Don’t” commands (i.e.,
“Don’t eat the M & M until the bell is rung”). Similarly, there is evidence to suggest that
compliance-related behaviors appear to be influenced by toddler fearfulness (Kochanska, Coy, &
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Murray, 2001; Van Der Mark, Van Ijzendoorn, & Bakermans-Kranenburg, 2002). In line with
this notion, the direction of cross-lagged effect in the structural model using snack delay
(b* = .14) more closely corresponded to Aksan and Kochanska’s (2004) findings than the
direction of cross-lagged effect in the structural model based on maternally reported IC (b* = .17), although cautious interpretation of these findings is warranted given the lack of fit indices
uniformly indicating adequate fit. As such, it is possible that the influence of compliance on
successfully completing the Snack Delay task is closely related to BI and thus inflated the
significance of prior findings. Since IC, at a construct level, involves self-regulated behavior
outside of solely responding to adult-figure commands, such confounding effects may account
for the lack of a current finding in the context of significant findings in prior research.

Unique Relations Between Behavioral Inhibition, Inhibitory Control, and Psychopathology

The second purpose of the current study was to examine whether BI and IC predicted
subsequent psychopathology. In particular, the current study sought to identify whether BI and
IC predicted internalizing problems and/or externalizing problems when modeled simultaneously
since these temperament characteristics have demonstrated similar predictive relations with
psychopathology in prior research. Specifically, high levels of BI or IC tend to predict greater
internalizing problems (e.g., Clauss & Blackford, 2012; Thorell, Bohlin, & Rydell, 2004; White
et al., 2011) whereas low levels of BI or IC tend to predict greater externalizing problems (e.g.,
Hirshfeld-Becker et al., 2003; Murray & Kochanska, 2002; Shaw et al., 2003). The current study
made specific hypotheses that BI would uniquely predict internalizing problems while IC would
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uniquely predict externalizing problems, given that a substantial amount of research considers
heightened BI a risk factor for internalizing problems (e.g., Degnan & Fox, 2007) and low levels
of IC as a risk factor for externalizing problems (e.g., Eisenberg et al., 2009).
Findings in the current study partially supported the hypothesis that BI uniquely predicts
internalizing problems. Across two structural models, a latent factor reflecting BI significantly
predicted internalizing problems such that greater levels of BI corresponded to greater levels of
internalizing problems. Importantly, these significant pathways occurred while controlling for
preceding levels of IC, including performance-based and report-based measurements, as well as
while controlling for a strong, cross-sectional relationship between internalizing problems and
externalizing problems. This result converges with a wealth of research finding that BI serves as
a risk factor for the development of internalizing problems, including anxiety, depression, and
withdrawal-related behavior (e.g., Degnan & Fox, 2007). In addition, this finding provides
specificity regarding relations between BI, IC, and internalizing psychopathology such that BI,
rather than IC, appears to operate as a unique risk factor for internalizing psychopathology.
However, the findings in the current study are strictly interpreted in a tentative manner. The fit
indices in the present study did not uniformly indicate adequate model fit and therefore should be
replicated in future research prior to making conclusions. Such future research would benefit
from longitudinally examining relations between BI, IC, and internalizing problems while also
controlling for concurrent externalizing problems.
Findings in the current study also partially supported the hypothesis that IC would
significantly predict externalizing problems while controlling for preceding levels of BI. Across
two structural models, IC inversely predicted subsequent externalizing problems at either a
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significant or marginally significant level. Importantly, these pathways occurred while
controlling for preceding levels of BI across both performance-based measurements and reportbased measurements as well as while controlling for a strong, cross-sectional relationship
between internalizing problems and externalizing problems. It is notable that report-based
measures of IC predicted externalizing problems at a significant level, whereas performancebased measures of IC only predicted externalizing problems at a marginally significant level.
Given that externalizing problems were measured through report-based measurements, such a
pattern of findings may reflect that factors influencing report-based measurements (e.g., maternal
characteristics) amplified the relation between reported IC and externalizing problems. However,
evidence of a similar, albeit marginal, inverse relation between performance-based
measurements of IC and report-based externalizing problems occurred, which provides evidence
that low levels of IC are likely involved with the development of heightened externalizing
problems.
The finding that 24-month IC predicted subsequent externalizing problems while
controlling for preceding BI and concurrent internalizing problems converges with a wealth of
research finding evidence that low levels of IC operates as a risk factor for the development of
externalizing problems, such as aggression (e.g., Eisenberg et al., 2009). In addition, this finding
provides specificity regarding relations between IC, BI, and externalizing psychopathology such
that IC, rather than BI, appears to operate as a unique risk factor for externalizing
psychopathology. However, the findings in the current study are strictly interpreted in a tentative
manner. Given that fit indices did not uniformly indicate adequate model fit, such findings
should be replicated in future research before strong conclusions can be made. Such future
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research would benefit from longitudinally examining relations between IC, BI, and
externalizing problems while also controlling for concurrent internalizing problems.

Limitations and Future Directions

A significant strength of the present study was the consistent use of multiple
methodological approaches, including report-based and performance-based measures, across five
time points in the early childhood developmental period. These methodological strengths
extended upon previous research studies by employing multi method observations instead of
focusing on one methodological approach (i.e., report or observation based). Although reportand observation-based approaches to measurements are frequently utilized in developmental
science, recent empirical work has emphasized the importance of considering physiological and
neurobiological measures as markers of developmental processes (e.g., Cuthbert, & Insel, 2013;
Insel et al., 2010). As such, inclusion of physiological markers (e.g., cortisol-reactivity, heart rate
interval; Kagan, Reznick, & Snidman, 1987; Schmidt et al., 1997) and neurobiological markers
(e.g., error-related negativity; Brooker & Buss, 2014) following laboratory paradigms intended
to elicit BI would be important to include in future research in order to potentially capture unique
findings attributable to underlying biological factors involved in BI. Similarly, inclusion of
physiological markers (e.g., baseline heart-rate variability, heart-rate variability reactivity;
Beauchaine, 2015; Bridgett et al., 2015; Holzman & Bridgett, 2017; Porges, 2007) and
neurobiological markers intended to capture aspects of self-regulation linked to IC would be
important to include in future research. Including biomarkers of BI and IC in subsequent
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research becomes especially important when predicting psychopathology considering the recent
impetus for identifying biomarkers underlying psychopathology as highlighted in the Research
Domain Criteria (RdOC; Cuthbert, & Insel, 2013; Insel et al., 2010).
In addition to future research benefitting from employing biological measurements, the
current study identified the need for further research to examine the underlying fine-grained
factorial structure of BI. Although prior research has identified fearfulness, shyness, and
observation of BI to index the construct of BI (e.g., Fox et al., 2001; Kagan et al., 1984; Pfiefer,
Goldsmith, Davidson, & Rickman, 2002), the models specified in the current study examining BI
did not find fearfulness to consistently load onto the BI construct. One possible explanation for
the lack of reported fearfulness loading onto the BI latent construct is that it primarily reflected
negative reactivity to nonsocial novel stimuli, whereas both reported shyness and observed BI
reflected negative reactivity to social novel stimuli. In line with this notion, prior research has
observed nonsignificant relations between BI elicited by social stimuli and BI elicited by
nonsocial stimuli (Dyson, Klein, Olino, Dougherty, & Durbin, 2011). Furthermore, inhibited
children’s physiological reactivity appears to be differentially linked to nonsocial and social
stimuli (Kertes et al., 2009). The current study did not employ observational measurements of
negative reactivity to nonsocial novel stimuli, thereby limiting the ability to test whether
observed fearfulness loaded onto a reported fearfulness construct or the BI latent construct
observed in the current study. Future research would benefit from examining the fine-grained
factorial structure underlying BI utilizing report and observational methods of negative reactivity
to both social and nonsocial stimuli.
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Beyond measurement-based limitations, the longitudinal design of the current study was
unable to completely determine causal effects. Although a strength of the current study included
utilizing a cross-lagged panel design, which is often utilized to detect potential direct, indirect, or
reciprocal effects existing between two constructs (Kenny, 1975), further research would benefit
from examining whether causal effects occur through usage of experimental designs. In the
context of the current developmental research, clinical outcome research utilizing randomized
clinical trials examining interventions that influence BI or IC may be helpful for providing
further evidence of causal effects. In particular, the current study had two unique findings that
may reflect causal relations between risk factors and subsequent psychopathology. Specifically,
BI uniquely predicted internalizing problems and IC uniquely predicted externalizing problems.
These findings could be further examined utilizing clinical outcome research. For example,
executive skills training interventions have been shown to improve IC in children younger than 3
years old (Dowsett & Livesey, 2000), which, based on the tentative findings in the current study,
may be used to determine whether improvements in IC lead to reductions in externalizing
problems before 30 months of age. Similarly, psychoeducational interventions for parents of
inhibited children (i.e., children with heightened BI) have shown evidence of reducing anxiety
diagnoses (Rapee, Kennedy, Ingram, & Sweeney; 2005) as well as broad internalizing symptoms
(Rapee, 2013), although prior research has not examined whether such reductions occur during
early childhood. As such, future research would benefit from examining whether clinical
interventions, such as parental psychoeducation, for children with heightened levels of BI during
the early childhood period (i.e., 18 to 30 months) have preventative effects on internalizing
symptoms, including anxiety, depression, and withdrawal.
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Also, due to the longitudinal nature of this study, some attrition was expected and
occurred. Of the 170 families who participated at the 4-month time point, 134 (80.59% of the
original sample) provided data at 12 months, 117 (68.82% of the original sample) provided data
at 18 months, and 109 (64.12% of the original sample) provided data at 24 months. At the final
time point, 107 families (62.94% of the original sample) provided data at 30 months. A
significant number of participants did not complete the follow-up sessions; however, preliminary
analyses indicated that data missing due to attrition was missing completely at random, which
allowed for the use of full information maximum likelihood estimation prior to data analysis.
Although full information maximum likelihood estimation is considered a robust method for
estimating missing data (Graham, 2009), future research may benefit from employing
longitudinal designs utilizing planned missing data designs. Such designs are also expected to
improve the validity of data by reducing costs of data collection and lowering participant (Little
& Rhemtulla, 2013).

Conclusions and Implications

The main purposes of the present study were to examine whether BI facilitated the
development of IC as well as whether IC and/or BI uniquely predicted psychopathology,
including internalizing problems and externalizing problems. With respect to the first purpose,
BI was not found to significantly predict IC while controlling for concurrent levels of BI and
preceding levels of IC. Several explanations for the lack of a significant finding in the context of
similar research producing a significant finding were presented, including methodological
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discrepancies, age-related discrepancies, and the potential for a prior spurious finding. Although
the current study was unable to find significant cross-lagged effects between BI and IC between
18 and 24 months, several findings occurred while testing the cross-lagged panel design that
have interesting implications for future research.
Significant autoregressive correlations emerged with respect to both BI and IC, which
indicated that both BI and IC exhibit rank-order stability between 18 and 24 months. Given that
the autoregressive coefficients were not completely stable (i.e., r’s not equal to 1.0), there was
also evidence of discontinuity in these traits, thereby suggesting that significant development in
these temperament characteristics occurs within the 18- to 24-month developmental time period.
In line with this notion, the present study was unable to observe any structural model
demonstrating adequate model fit while specifying reported fearfulness as an indicator of the BI
latent construct. Additionally, reported fearfulness failed to demonstrate significant, crosssectional associations with reported shyness at 24 months or observed BI at either 18 or 24
months. These findings may suggest that fearfulness and shyness do not reflect a unitary
construct during this developmental time period, and future research would likely benefit from
examining the fine-grained factorial structure underlying BI prior to 24 months. Such research
should include reported and observed negative emotional reactivity to novel social stimuli and
novel nonsocial stimuli in order to determine whether shyness and fearfulness reflect unitary or
distinct constructs during this time period.
With respect to the second main purpose of the study, evidence tentatively indicated that
BI uniquely predicted internalizing problems while IC uniquely predicted externalizing
problems. These findings were observed while modeling the concurrent bidirectional relation
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between internalizing problems and externalizing problems in addition to estimating direct
effects from IC and BI on both internalizing problems and externalizing problems. It is notable
that these effects should be interpreted cautiously because, although a number of fit indices
produced adequate fit (i.e., nonsignificant chi-square; RMSEA and SRMR < .08), one index of
incremental fit (i.e., the CFI) was not considered adequate. The findings from the current study
should be replicated in order to further determine the potential specificity of heightened BI as a
risk factor for internalizing problems and low levels of IC as a risk factor for externalizing
problems. Additionally, as discussed above, future research may benefit from examining whether
clinical interventions occurring before 30 months targeting BI or IC are efficacious in reducing
internalizing problems or externalizing problems, respectively. Prior research has demonstrated
the efficacy of interventions targeting BI as well as IC (e.g., Dowsett & Livesey, 2000; Rapee,
2013); however, prior research has not observed whether such benefits occur for children as
young as 30 months of age. Given the findings in the current study occurred when toddlers were
30 months of age, intervention and prevention efforts targeting BI and IC may prove efficacious
in reducing internalizing problems and externalizing problems when implemented within the 18and 24-month time period. Collectively, the findings in the current study tentatively suggest that
stability in BI and IC exists between 18 and 24 months and that heightened BI likely operates as
a specific risk factor for internalizing problems while decreased IC likely operates as a specific
risk factor for externalizing problems.
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Background Information – Primary Caregiver
We would like to ask you some questions about yourself. The questions are about your age,
marital status, educational background, and current work. Please answer all questions as
completely as possible.
Primary Caregiver – spends most time taking care of infant. Example – stay at home mom or
stay at home dad.
Secondary Caregiver– spends second most amount of time taking care of infant. Example –
working parent (e.g., father) or grandparent.
Please complete this information about the infant’s primary caregiver:
1. What is your partnership status? _____
1 = Single
2 = In a relationship
3 = Living together
4 = Married
5 = Divorced
6 = Separated
7 = Remarried
8 = Widowed
2. With which race/ethnicity do you identify most? _____
1 = Caucasian/European American
2 = African American/Black
3 = Asian/Asian American
4 = Pacific Islander
5 = Filipino
6 = Hispanic/Latino
7 = Native American
8 = Other: ____________________
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3. What is the highest grade of school you’ve completed?
Elementary

1

2

3

4

High School

9

10

11

12

Post-High School

1

2

3

4

1

2

3

4

5

6

7

8

(vocational or technical school)

College

Degree earned (if any): __________

Graduate/Professional
5
6
7
8
Degree earned (if any): __________
4. What is your date of birth? _______/_______/_______
month
day
year
5. What is your age? __________

6. What is your gender?
Male
Female
7a. What kind of work are you currently doing (what is your occupation)?
____________________________________________________
(For example: Electrical engineer, farmer, stock clerk, machinist, etc.)
7b. What are your most important activities or duties?
____________________________________________________
(For example: selling cars, filing, finishing concrete, etc.)

7c. What kind of industry is this?
____________________________________________________
(For example: retail shoe store, automobile manufacturing, or state labor department, etc.)

8. What was your approximate family income last year? _________________________
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9. What is your religious affiliation?_________________________
10. Please check the boxes below if you have previously been diagnosed with any of the
following disorders/difficulties:
Depression
Anxiety
ADHD
Substance use/abuse
Behavior problems/delinquency
Other: __________
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Protocol
Before the episode begins, experimenter (E) places a chair near the far wall and instructs child
(C) to stand facing the camera by saying “You stand here and wait for me while I go look for the
next game, OK? You wait here until I come back” After 10 s, Stranger (S) knocks loudly on the
door. She enters the room and, remaining by the door, says (in a friendly tone of voice) “Hi!”
After a 2 s pause, she asks “Have you ever been here before?” followed by a 10 s pause. Then, S
walks to the chair, stands in front of it and asks “Are you having a good time here today?”
followed by a 10s pause. S sits down, then asks, “Are you playing with a lot of toys?”, followed
by a 10 s pause. Then she asks “What was your favorite toy?”. S agrees with whatever C says is
his/her favorite toy by saying “I like ________ too”. If C says anything else, S replies to every
utterance with a friendly, logical one-sentence response that is not a question. S pauses 20 s after
this comment, then says “Well it was nice seeing/talking to you today. I hope you have fun with
the rest of our toys and games!” After 15 s from the sound of the door closing as S exits, E enters
from the control room holding several pieces of paper and says “Was there a man here?” and
waits for a response.

APPENDIX C
STRANGER BEHAVIORAL INHIBITION CODING
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APPENDIX D
STRANGER TASK: BEHAVIORAL INHIBITION CODING MANUAL
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1) Intensity of fear expression: Using AFFEX
0 = No facial region shows codeable fear movement
1 = Only one facial region shows codeable movement, identifying a low intensity fear, or
expression is ambiguous.
2 = Only 2 facial regions show codeable movement, or expression in one region (e.g.,
brows) is definite.
3 = An appearance change occurs in all 3 facial regions, or coder otherwise has
impression of strong facial fear.
2) Intensity of sadness expression: Using AFFEX
0 = No facial region shows codeable sadness movement
1 = Only one facial region shows codeable movement, identifying a low intensity.
2 = Only 2 facial regions show codeable movement, or expression in one region (e.g.,
brows) is definite.
3 = An appearance change occurs in all 3 facial regions, or coder otherwise has
impression of strong facial sadness.
3) Intensity of Bodily Fear:
0 = No sign of bodily fear
1 = Decreased activity: an apparent and sudden decrease in the activity level of child with
no muscle tensing. Continuation of little or decreased movement.
2 = Tensing: visible tensing of the muscles, associated with decreased activity (with or
without context of freezing).
3 = Trembling: tensing of the entire body with no motion, or trembling due to extreme
muscular tension.
4) Intensity of Bodily Sadness:
0 = No detectable sadness
1 = Mild bodily sadness: slight slump of shoulders or slight drop of head
2 = Definite sadness posture: drop of head or slumped shoulders or sinking in chair
3 = Intense bodily sadness: head in arms or hands, body completely slumped down or
over.
5) Intensity of Distress Vocalizations:
0 = No distress
1 = Definite whimpering, limited to a short (1 – 2 second duration, or longer whining,
fussing, or mild protest.
2 = Low-intensity cry (cry has extended or rhythmic quality), or definite non-muted
crying.
3 = Full intensity cry/scream (terrified)
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6) Intensity of Approach: Behaviors initiated by child to decrease distance from child to
stranger. If child made a move to avoid but then returned to his/her original spot, it
is not considered an approach. It is an approach only if the initial distance between
the child and the stranger is decreased.
0 = Stands in place.
1 = Turns or leans toward stranger.
2 = Takes one or two hesitant steps toward stranger.
3 = Takes one or two non-hesitant steps toward stranger, or initiates action to get within
two feet of stranger.
7) Intensity of Escape/Avoidance: Behaviors initiated by child to maintain or increase
distance from child to stranger. If child made a move to approach but then returned to
his/her original spot, it is not considered avoidance. It is avoidance only if the initial
distance between child and stranger is increased.
0 = No avoidance, stands in place.
1 = Low avoidance, turns or leans away from stranger.
2 = Medium avoidance, takes one or two steps away from stranger.
3 = Goes to far corner or to experimenter or to parent
8) Intensity of Gaze Aversion
0 = No gaze aversion
1 = Briefly averts gaze.
2 = Glances down 2-3 seconds, focuses on something other than stranger.
3 = No eye contact with stranger.
Baseline state:
1 = Drowsy;

2 = Alert/calm;

3 = Alert/Active;

4 = Fussy;

5 = Crying

Parent Behavior:
0 = Not interfering, neutral
1 = Mild interference; 1-2 comments directed at child or adjustments of child. These
comments or adjustments are not emotionally loaded.
2 = Interfering: emotionally loaded statements to child, soothing, reprimanding child,
commanding, or generally disrupting.

APPENDIX E
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ALWAYS WAIT UNTIL C SWALLOWS.
E: We are going to play a special game with M&M’s. Try one first (Give C one candy).
E: OK, we’re going to play a special game now. First, put your hands on these hands here. I will
hide this M&M under this cup and when I ring the bell, you can get it.
E shows C the cup and snack and then covers the snack with the cup slowly so that C can see the
whole process. Restrain C gently if necessary, so that the practice trial is always executed
correctly. E may keep her finger on the cup if necessary to keep C from lifting it. Do not show
the bell until it is time to ring. Pick up the bell, ring it, and give C the candy.
E: All right. That’s how you play. I will hide an M&M under this cup, like this … Now, when I
ring this bell, you can lift the glass (E lifts the glass) and get the M&M and then eat it. But be
careful. Wait until I ring this bell before you start to look for the M&M. That’s how we play the
game.
E starts timing by saying “Start.”
Halfway through the delay, E picks up the bell off the table as if ready to ring it, but does not
ring.
Four trials: delays of 10 seconds, 20 seconds, 30 seconds, and 15 seconds.
Whether C waited or did not wait successfully for the specified period:
E: Let’s try again. Let’s see if you can wait for the bell because that’s how we play the game.
DO NOT REINFORCE THEM FOR HAVING WAITED. You can reinforce them for sitting
still, putting their hands on the cloth or eating quickly.
CODING SHEET
Snack Delay
Global Code ________
C eats snack before E lifts the bell – 0
C eats the snack after E lifts bell but before E rings bell – 1
C touches glass and/or bell before E lifts bell – 2
C touches glass and/or bell after E lifts bell – 3
C waits until bell is run – 4

Trial 1 __________
Trial 2 __________
Trial 3 __________
Trial 4 __________

